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ABSTRACT 

Setting priorities for allocating funding and other 
resources is one of the central issues of federal science policy. 
Presented in these hearings are the views of witnesses (government 
officials, scientists, economists, and industrial personnel) on 
various issues related to setting priorities for science. Among the 
issues addressed (in the form of questions) are: (1) How can the 
greater public interest 'be reflected in federal R&D decision-making, 
both in the choices and in the development and application of 
technology? (2) How is the optimal funding level of basic research 
determined? (3) What are the proper roles of government and private 
industry in funding applied R&D? (4) Should the United States target 
national economic competitiveness? and (5)' What role should state and 
localities play in determining the direction of scientific research? 
In addition to transcripts of testimony presented, two supporting 
papers are provided in appendixes. These are "The Concept of 
Scientific Choice: A Brief Review of the Literature" by Bruce L. R. 
Smith and "The Economy of Science: The Proper Role of Government in 
the Growth of Science" by Simon Rottenberg. (JN) 
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SETTING PRIORITIES FOR SCIENCE 



THURSDAY. SKFTKMBKR 30.J982 

' House of Repkesentatives, Committee on Science anu 
' Technology, SuBca^iMircEE btl Science, Research 
AND Technology, aSjd'the Subcommittee on Investi- 

' CATIONS AND OVERSIGHT . 

- ^ Washington, D.C. 

The subcommittees met, pursuant to call, at 9:35 a.m., in room 
232."), Rayburn House Office Building, Hon. George E. Brown, Jr., 
presiding. 

Mr. Brown. The subcortimittee will come to order. 

In the absence of Chairman Walgren and Chairman Gore, who 
should be here before long, I will take the liberty of opening the 
hearings this morning because of the large number of distinguished 
witnesses which we have. I think I should read Chairman Wal- 
gren's opening statement to help set the scene for these hearings 
this morning. o 

The hearing is being conducted jointl/T)y the Subcommittee on 
Science, Research and Technology, which he is privileged to chair, 
and the Subcommittee on Investigations and^Oversight, chaired by 
our distinguished colle"ague. Congressman Al Gore of Tennessee 
We want to express to Mr. Gore our appreciation for suggesting the 
focus on priorities at this particular time. Setting priorities for allo- 
cating funding and other resources in the field of scieijce is as we 
are all aware one of the central issues of Federal science policy. It 
IS a subject which this subcommittee as well as the full committee 
has dealt with as a policy issue over the year^. 

In July 1980, the subcommittee held hearings chaired by Con- 
gressman Brown, that is me, on long-range planning for science In 
both 1980 and 1981 the full committee held hearings with the 
American Nobel laureates to hear their views on what is needed to 
maintain the strength of American science. And early this year 
.Chairman Fuqua neld a hearing on the science budget under 
stress. At that hearing the present and past science advisers to the 
President discussed with the committee their views of priorities for 
American science. It is now evident that the science budget will 
cuntinav to be undec stress. As a result,' priorities for science will 
continue to require careful attention in the Congress, in the ad- 
ministration, and in the science, engineering, and industrial 
community.* 

The shift from the conditions of significant annual growth in the^ 
budget fur science to a situation of level or almost level funding 
has ir lurn produced new problems and raised new questions. If re- 
sources for modest increases in science funding can be found, what 

(I) 



ari'a or t>iK\s .^cii'nct' bhduld b:^ bupported? Can funding for some 
parts of sc-K'iice* v\luc4i lire now being supported be reduced or 
eliminated from the budget'^ Equall> important, what are the best 
ways to arrive at such decisions. 

In the Congress we are thoroughl> familiar with the priority set- 
ting through the political process which involves geographic claims, 
lobb>ists, and interest groups. We are much less familiar with 
what I assume is the bomewhat mure rational processes for priority 
setting for science which is. now, employed in industry and in the 
scientific agencies and by the students of economic, theorv. We are 
concerned with .the relative emphasis placed on basic research 
versus applied research and development, and also with how activi- 
ties such as science and technology education, technology transfer, 
and science foreign policy, which are closely related to scientific re- 
search and development, should be balanced against R&D itself in 
the reJsource allocation process. 

In this hearing we hope to learn much about' both the priorities 
thenisehes and the methods for their development. We are grateful 
tu all of our witnesses who have given of their time and experience 
to help us in this process of seif-education. 

Without objection we will include a staterricnt from the other co-. 
chairman of these hearings, Mr. Gore of Tennessee. I believe we 
also have an opening statement from the minority. 

[The statement follows:] 
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COMMITTEE ON SCI^NCE.AND TECHNOLOGY 
U.S. HOUSE OF REPRESENTATIVES 
WASHINGTON. D.C. 20515 



Opening Statement 
HONORABLE 'ALBERT GORE, JR. 

September 30, 1982 

Since world War II, the United States has maintained 
leadership in many fields of 'science and technology, 
especially bioiredics and computer technology. We take great 
pride in these a9Complishments which increase our well-being 
and enhance our culture. ■ The, Federal Government has played a 
key^role in the advance of knowledge through long-term real 
growth in funding for basic and applied research in a3 1 
scientific areas. In the past decade, accounting for 
inflation, basic research funding increased by 2 percent, 
applied research by 3 percent, and development research by 3 
percent*. Throughout the 1960s; the U.S. ratio of civilian 
R&D to Gross National Product steadily increased, and after a 
temporary decline in the early 1970s, surpassed its 1960s 
levels, reaching an* estimated 1.66 in 1981. 

Today, economic conditions have caused many to question 
the role "of the United States Government in the promotion ^of 
sc/ehce and technology. The Reagan Administration has stated 
that federal R&D levels {except defense) are contingent on 
general economic conditions and fiscal constraint. Indeed, 
last. year federal funding for basic research dropped 2 
percent, accountin9 for inflation. Last year # the Director 
of^ the Office of Science and Technology Policy, Dr. Keyworth, 
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told this Committee that in light of the current economic 
situation, real growth in science cannot continue and that 
cutbacks in science are not likely to harm the health of 
American science. Furthermore. OSTP has informed the 
Congress that R&D will be subject to more vigorous criteria 
of excellence and pertinence. In that connection* we regret 
that Dr. Keyworth is not present at this hearing to elaborate 
on these views. ^ 



Other nations have incorporated science advancement as a 
major component of their industrial policies. Industrialized 
countries such as Japan & France are subsidizing research and 
development for new products and services desired in expand- 
ing world markets. Such increased international support for 
science requires even greater U. s. scientific resource- 
ful^ss and strategies for maintaining u. S. economic com- 
petitiveness . within this country, as well, increasing com- 
petitiveness among the "states to attract high-technology in- 
dustries has resulted in new state science and technology 
programs for upgrading scientific manpower and encouraging 
commercial usefulness of university/ research. Thus, the 
states will play an increasing rol^ in the direction of 
science policy. 

While we must strive for increased innovation and 
corporate prodi-ctivity » the Federa*l Government must continue 
to play a vital role in developing nOn-commercial advances in 
science which serve the greater public interest by protecting 
our health* environment, and our national defense. Debate is 
fast emerging regarding the role of "public interest" as a 
component in the direction of scientific and technological 
research. The National Science Foundation's recent 
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"Five-Year Outlook** emphasizes the stress which science is 
currently suffering due to the lack of public support for 
science. We must establish linkages between science and the 
public in dialogue regarding the role of science in the 
United States, 

Today*s hearing will focus on issues vital to this 
nation's future well-being: 

1. How can the greater public interest be reflected in 
federal R&D decision-making; both in the choices, 
development and application of technology? 

/ 

^2. How do we determine the- optimal funding level. of basic 
research? 

3. What are the proper roles of government and private 
industry m funding applied research and development? 

4. Should the United States target certain R&D for 
international economic competitiveness? 

5. What role should state and localities play in 
determining the direction of scientific research? 

We look forward to hearing the views of our distin- 
guished witnesses who represent the views of Federal and 
State Government officials, scientists, and economists. 



ErJc * 'J 



Mr BuowN .Our first panel was originally scheduled to include 
an additional member, a representative from the Office of Manage- 
ment and Budget. Unfortunately, and I will assume that it is be- 
cause of the press of last minute business before the Congress, the 
scheduled witness was unable to appear, and we have been unable 
to get a substitute, which we very much regret, since obviously the 
OMB and the Executive Office of the President have a deep in- 
volvement in this matter of priority setting. But we will struggle 
along as best we can undpr the circumstances. 

We had also invited the Director of the Office of Science and 
Technology Policy. Dr. George Keyworth, or his representative to 
appear before us. We have instead a thoughtful and useful state- 
ment for the record by Dr. Keyworth, and, without objection, it will 
be inserted in the record at this point. 

(The statement referred to follows:) 
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STATEMENT OF DR. GEORGE A, KEYWORTH, II, SCIErJCE ADVISOR TO 
THE PRESIDENT, AND DIRECTOR, OFFICE OF SCIENCE AND TECHNOLOGY 
POLICY, EXECUTIVE OFFICE OF THE PRESIDENT FOR THE SUBCOMMITTEES 
ON INVESTIGATIONS AND OVERSIGHT, AND SCIENCE, RESEARCH AND 
TECHNOLOGY; COMMITTEE ON SCIENCE AND TECHNOLOGY; HOUSE OF 
REPRESENTATIVES. 
SEPTE.MBER 30, 1982 



I am ploasod to have the opportunity to share with you my 
views on priority setting for science and in science. Your 
attention to this subject Ts" extremely timoTy, not because 
it is a new subject, but because it needs new attention. 
When no limits are placed on resources, then resource 
allocation is relatively painless and there may be less 
ur<3ency to set explicit priorities. But it is now ti.T^e 

•for us to recognize that there are limits to resources, 
and though the task becomes harder, it also becomes more 

, necessary to define consciously and clearly how we «et 
priorities among'all the worthwhile goals competing for 
finite resources. 

I made the distinction earlier between priority setting 
for science and prior;ty setting science. I define 
tho former as the ranking of the pursuit of science as a 
i}(>'y\ against other national go^ls, and the latter as the 
comparative evaluation of different scientific endeavours. 

With regard to prior^ity setting for science, this Administra- 
tion recognizes the i.ttportance of maintaining a strong U.S. 
scientific enterprise. However, this is not a goal separate 
from and superior to those ,of a healthy economic growth and 
a ,<;ecure national defense. They are highly interdependent. 
N:/*" only does the economy determine how much R&D the nation 
can pay for, It also influences what kind of RtD we do. 

We strongly believe that the process ^or setting priorities 
in science must bo adjusted to recognize the reality of 
limited res'ources . Greater selectivity must be exercised in 
funding decision*?* anO the criteria for exercising such 
selectivity are excellence ajld pertinence to the national 
goals of economic health and national security.* The 
scientific corununlTty nust also assume more forcefully its * 
respon'> I bi 1 1 1 ies for *;etting priorities in science. It must 
give us the benefit of its thoughtful and critical judgment. 

TO encourage the scientific community's initiative, I have 
asked the National Academy of Sciences, earlier this year, 
to ongag'e the community of American scientists in developing 
a process thatjwill help us determine, jointly* the fields 
of science 'that t>re of the highest quality, most exciting and 
with the greatest potential for future applications. I expect 
the Academy to report on th.Mr progress in the near future. 

. We have solicited the scientific community's recommendations in 
other ways as well, and have been receptive to them. As one 
example* last fall, at my rji>quest# the Hign Energy Physics Advisory 
Panel appointed ^y the Department of En^ i gy examined the question 
"What would bo necessary to maintain tho leadership of th^ United 
states in, high en<*rgy physics?**. Based upon their advice, the 
President *s Fiscal 1983 budget reconunendat ion for the DOE high 
, energy physics program rof lectod" the need to ensure optimal use 
of existing facilities and the ability to meet future demands 
for new experimental facilities. 

I hope that the joint prioVity setting process that has 
begun will take on a stronger momentum, and that the scientl- 
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fic corowunity viU continue actively to -ocomnend not only 
those areas for increased support » but also tho*;© that must 
be reduced so that more productive efforts may receive the 
de'served support. 

This Administration has enunciated a clear science polxcy 
th«t the scientific co-nmunity can use a5 guidance In 
setting its piionties. Our science policy aims to define 
clearly the appropriate role of the Federal government \n 
R4O so that the industrial and academic sectors may proceed 
to fulfill their roU*s without the fear of undue government 
intervention. It would get the government out of the 
development and demonstration activities, except whore the 
government Is a customer. It places priority for Federal 
funding on those areas that the government does woll» auch 
as basic research, and those where it should be the RtD 
performer because the payoffs are not appropriable by private 
sector parties. 

The Federal government has the major responsibility fo*' 
making sure that our knowledge base is healthy and continues 
to grow. As a technological nation, we depend vitally on 
this base and on the strengths of the universities where 
basiC research is done and where new scientists and engineers 
aro trnin*^d. So» we will continue to support high quality 
basic r»?soarch. We will seek to m;*"imize the return on the 
Federal investment by focusing on those areas with potential 
for eventual applications to our industrial well-being and 
n«itionai '>ocurity. We are concentrating much of the money 
availabl'? for growth on those areas with the most promise, 
those whore there ir. bubbling intellectual excitement. 
Again, high energy physics ?nd astrophysics are examples 
ot such areas. The link to technological applications rray 
bO still tenur»us hore» but the fields are so rich in talent 
and so full ^f promise that the adequate allocation of 
resources is likely to pay off well. Another example, 
with a stronger link to potential applications, is materials 
research. New methods de/eloped in recent years to do 
materials engineering at the atonic level have opened 
up vastly the potential of this field. 

I don't think there is argument about the Federal responsi- 
bility for national secur i ty-the assurance of a peaceful, 
stable onvironnent m which to pursue our livts. Unfortunately 
our national defense has been taken for granted and allowed 
to deteriorate over the years. While the Soviets were 
upgrading their capabilities, we failed to adequately 
exploit our own technological edge, which wo have relied upon 
traditionally for our military strength. So, this Administra- 
tion hafi given top priority to rebuilding our defense capacity 
and upgrading our RtD base for defense. 

V* 

I have cited excellence and pertinence as two criteria for 
priority setting. Excellence is we^l understood— we will 
emphasize excellence in the invest itjators, excellence in the 
subject natters, and excellence m the expected results. 
Pertinence may be less well understood, pa**t icularly as it 
applie<4 to b.isic research. To explain the criterion of 
portmence for oui funding of basic research, I must point 
r.ut a paradox th.nt we are facing. For at least the pasit 
JO years, the United States hus done the world's best 
basic research and we show no slackening of our load today. 
Yet,' our l^a<J in high technology industries is being challenged. 
Industrial competitiveness is a function of economic, regulatory 

w»«ll a'5 techncklog ical factors. We have taken stops to 
alleviati' ^he regulatory burden. But wo must also address a 
f undari»*n» al ill thu has developed in this country. This ill 
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IS the persistent assumption Chat t^^o profit system and our 
private sectoi^ are somehow incompatible with good scientific 
research. Admittedly, the Federal "government, through two 
decades of massive support for research with little attention 
to Its ultimate use, has contributed to this situation. To 
Chang? it, we must now strengthen the connection between 
basic , research and technological application. Wo must be 
assured that basic research is used as much and- as .often as 
possible. We must see a st^ng interchange between. our basvc 
researchers and industrial RlD centers, i am not minimizing 
the pure cultural value of pursuing good science, but let 
us^lso recognize that we justify substantial public support > 
for science — even in these times of budget auste ri ty' and 
reduced government intervention--ort its promise^ for tomorrow's 
w<»ll-being and prosperity. 

The qiM^tion of research performed in universities versus 
elsewheiJo has beon raised. I see three ma^or R&D per-forming 
<jrpups: the universities, the Federal laboratories and 
industrial research centers. In my opinion, they play throe 
:Jist.inct roles: 

-The Federal laboratories should be funded by the 
government only for what I call long range applTed 
research. That is the research from which technological 
dov»>lopr*onts will spring, but at a sufficiently distant 
fijt-uro that industry will not fund it. Federal labora- 
tt^ries should also perform research and development 
activities appropriate only for Federal performance 

n<iclOdr weapons, food and drug testing). Those 
F«»d^c U labot'ator les that are endowed with large, 
s'phi^*^ ic^r ♦^J facilities, such as the national labora- 
f^r ley of . t ho Df'partmont of Knorgy, should make them 
available to university and industrial researchers.- 

* -Mntvorsitu^s <ihould continue to excel lo their primary 

rolo f^t educa?. l^'^ , and should conduct basic research aa 
\n ..•^sontial nf^junct to this educational role. 

-Industrial research centers should continue what they 
d-> ">urh better than the Federal and university sectors: 
applied research and product development. 

r\;\inf I *?ant to <jtiess t^at oven though their roles are 
li-Mnct, those three sectors must work together. I have 

a.w-J t^e White House ^ci*'nco Tovincil (V(HSC) to review the 
I rivi*^i"S ^f the Federal laboratories and to rocorunend to 
the It appr'^'pr iate re-,pons ibi 1 1 1 les and ways to strengthen 

►hon. I aTi expecting the WHSC to report* 'the i r findings by 

r^oxt April, 

To ^t^ummari 2^^ the question of priority setting for science 
and in science I will say that it is a 3oint responsibility 

.f rhe Fodoral govemnent anvl the scientific community. The 
s^i»^ntitic community nust provide its guidance and recommenda- 
• M'^-ns the government, just as the government must formulate 
a ^lear science P'^l^<^y that would establish the broad priorities 
which ^he scientific community can follow to propose, evaluate 
^ and recoa-^end programs and projects. This Administration's 

kjien^".^ policy has three key elements: maximize the payoff 
jff^r Federal investment in basic research, improve the flow , 

>f, kn- wIe.j*jo bt'tween rhe research establishment and industry, 
T^d strengthen t^t? defense technology base. We look forward 
now to -j'^rkmg wi'th the scientific community to maintain and 

increase our scientific and technological strength. 

i 
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Our first paiu'I will include Dr; James B. Wyngaarden, Director 
J' the NatK^iuiI Institutes of Health, Dr. Edith Martin, Deputy 
Undtr Secretar> uf Defense fuc Research and Advanced Technol- 
oK>, end Dr. Donald Langenberg, Deputy Director of the National 
Stien:e Foundation, all of whom have a great deal to contribute to 
the focus of these hearings. And so we welcome you, and I presume 
viju mu> proceed in order in which I have indicated, and I welcome 
our distinguished chairman who will take over at this point. 

Mr Walohkn Thank you very much, Mr. Brown. I apologize for 
niv absence, but we are here to create a record that all of us can 
work With, and so I am glad you proceeded. Please proceed. 

STATKMKNT OF 1)K. JAMKS B. WYN(;AAR1)KN, DIRKCTOR, 
NATIONAL INSTITI'TES OF HEALTH, BKTIIKSDA, Ml). 

' Dr , WvNciAAROKN. Mr. Chairman, members of the subcommit- 
lets, I appreciate this opportunity to discuss the setting of prior- 
ities m science. As Director of the National Institutes of Health, I 
vmU focus todav un one aspect of this important topic, namely, pri- 
orities in biomedical research. 

TiJ be most responsive to the concerns of the subcommittees, I 
will discuss three major areas of influence on priority setting at 
NHl the overall mission of NIH, scientific considerations, and 
other fiicturs oi infiuence, such as specific public mandates and as- 
signments as expressed b> Congress and the administration. 

The mission of Nil I is a broad one, but it can be stated simply: 
tu uncover new knowledge that will lead to better health for ev- 
eivone." Tliat public commitment to biomedical research has been 
restated in various forms since 1S^>T when the Hygienic Laboratory 
was established at the Marine Hospital on Staten Island for re- 
.-^earch on cholera and other infectious diseases. The mission was 
reaffirmed m l!);iO when Congress passed the Ransdell Act, which 
established a National Institute of Health. 

Congress under-scoVed its faith in the value of health research in 
VM\ when it consolidated and revised laws relating to the Public 
Health Service. 

The broad ituention of Congress in section llOl was emphasized 
in a House report on the PHS Act: . 

Wifi \ lil tins (i(U> uoulii cotisuiKl<ile and resl<ile llu' b<i.sK aathoril> uf the Public 
lU'aitli St rviu* ill [hv ulioU* helil of rt'st'<irt h. so <us to ^nint, in clear and unnii§\ak- 
M* Uua-^. bro«td ituthurUv to canv on uut'sli^iitUHis ihrouKh it^ own personnel, 
.01*1 to MHijM iati< itnd iissisi 111 lhi» inu'sii^aHoii bv oiluTs, ofiiil problems Iwannj,'' on 
thi- pbvsKMl and nuMila! health of our [K'ople 

Confidence in the potential of heiUth research, together with a 
multibillion-doUar nnestment, thr-ough t^he Congress, has built a 
huHiiedical research capacity second to none. It is a source of na- 
tional pr-ide and international pr-estige. 

NTH o[>erates a lar'ge pr'ogram of labor'ator'y and clinical resear'ch 
in its own facilities, but four-fifths of the expenditures of the 
ttgeiuv go to the support of biomedical r'esearch conducted in uni- 
wrsities, pri\ate labor'atories, and elsewhere. The Federal Govern- 
iiu rit ctjntributed nearl} 00 percent of support from all sour^ces for 
health related ivsearch and development in 1981; the NIH budget 
accounts for about 70 per'cent of the total Federal investment. 
Fium the beginning, the main NIH mechanism of r-esear'ch support 
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hab been individual project grants for studies proposed by non-Gov- 
ernment bcientists. About half of the NIH budget currently sup- 
ports such investigator-initiated projects. 

NIH programs express the national policy shaped by Congress 
through the years^ That policy encourages diversity and excellence 
in health research, ittjsrelies on the scientific community itself to 
identify, through a competitive peer review process, the ideas and 
investigators most worth of support. In this way, public funds in- 
vested in biomedical research support the most creative ideas and 
energies in the American health research community. 

We also engage in a variety of research-related activities, such as 
/clinical trials to test new medical technologies and drugs and de- 
vices, community education and demonstrations, and development 
of orphan drugs. But they all build upon new knowledge generated 
through fundamental biomedical research. 

The ultimate goal of biomedical research is the, elimination of 
dibeube and disability, the prevention of maladies before they strike 
or cause damage. To prevent disease, we need to know the proc- 
ess— how the disease acts, and its target in the body. Sometimes we 
are fortunate, as in the case of polio vaccine, where a confluence of 
factors plus a determined public health effort removed almost over- 
night a cloud that had hung over society for many years. That kind 
i of conquest of disease, however, is rare. Most often we slowly 
amass evidence and carefully look to place each new piece of infor- 
mation m a giant puzzle, in the process creating new opportunities 
* that lead us in previously unforeseen directions. 

Fundamental to decisionmaking on research priorities is the 
availability of a critical mass of basic knowledge with which to 
launch further inquiries. This point is well illustrated by a brief 
review of events leading to the newly licensed vaccine to combat 
hepatitis B virus, the cause of a debilitating liver disease. 

Dr. Baruch S. Blumberg, a scientist studying human immune 
mechanisms with support from NJil, had been pursuing such basic 
studies for about 13 years vvmnt; in 1963, a substance in the blood 
of an Australian aborigin^^ught his attention. For a time he 
thought he had discovered^n evolutionary marker in the blood of 
a primitive people. Some years later, he recognized that this 
marker \\^as a protein fragment left by a previous infection with 
hepatitis B. This leap of insight oj^ened up ne\^^ studies on the 
structure of the virus and, eventually, led to the development of 
the vaccine. This inuch-foreshortened account makes several points 
concerning the critical importance of basic research. 

First, one cannot predict where a basic discovery will have its 
greatest impact. In this case, an immunologist contributed to infec- 
tious disease control. 

Second, there ma> be a long timelag between the initial research 
and its clinical application; in this case almost 20 years. 

Third, one cannot direct an application before the basic knowl- 
edge is available. Had plantjers decided in the mid-lOoO's to devel- 
op a vaccine against hepatitis B. no one would have known where 
to begin. As Dr. Blumberg said in his address in accepting the 
Nobel Prize in U)7(). *'At the outset we had no set views on where 
this path might lead * * *. I could not have planned the investiga- 
tion at its beginning to find the cause of hepatitis B." 
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A corulLirv to the invubtigatbr-initiated approach is the need to 
abbure a cuntmuitig supply of well-trained scientists to carry out 
the rebearch needed to meet national health goals. There is a close 
and reciprocal relationship between the continued productivity of 
rebearch and the availabilit> and replenishment of qualified inves; 
tigators. 

All reboarch planning, then, proceeds from what is known about 
a health problem, life procebS, or diseabe area. Such a review leads 
to the identification of bcientific opportunity, gaps, and needs, and 
rapidly advancing areas of research. We also review potential in- 
terventiunb read> fur clinical testing and approaches or emphasis 
required to advance the knowledge base further. Closely allied is a 
consideration of the exist.ence of adequate research Resources. 
Modern biumedual rebearch demands sophisticated equipment and 
instrumentation to maintain high quality of work. The aim is to 
move along the continuum from basic research to treatment at the 
bedside to ultimate prevention. 

The selection of priority areas for clinical research depends pn 
assessments of: 

Tlie physical, emotional, societal, and economic costs of various 
diseases. 

The readinebb of tht state of knowledge for application to disease 
prevention or treatment. 

.The potential impact of various rebearch strategies on reducing 
the burdens of disease. 

That approach to investment in research has paid off in lives 
saved, in disabiiitieb overcome, and in economic benefits. One eco- 
nomic anal>bib of the period 1900 to 1975, for example, estimated 
savmgb from reduced niorbidit> and mortality at between $300 and 
billion. Taking the conservative estimate, this indicates a 
return of at least $10 for every dollar invested in health research. 

In betting rebearch prioiitieb, we also give major consideration to 
concernb and vvisheb of the public, expressed directly and through 
congrebbional and executive branch actions. Authorizing legisla- 
tion, mandatesT directives, and appropriations all influence our re- 
search planning and the conduct of our programs. A few examples 
of congrebbional "act ionb that bet our course are. concern for provid- 
ing greater support to specific areas of research or studies; man- 
dateb to, allocate a proportion of resources to a particular disease 
<iiea, diiections for long-range plans, changes in research training 
legiblation, proposalb for bmall business set-asides; and the estab- 
lishment of new inbtitutes with specific charges, fjr example, aging 
and environmental health sciences. 

Additionall>, an important part of the planning process involves 
the vievvb of profebbional bocieties and voluntary health organiza- 
tionb, the biomedical research communit>, and the general public 
These viewb are sought through a v'ariety of means, ranging from 
btructured activities such ab National Advisory Councils, special 
gioups oi task foiceb or commissions to consider specific research 
aieas or health problems, to less structured interaction with repre- 
sentatives of such* groups as conditions warrant. 

Within Nil I there are comprehensive and highly organized proc- 
essi\s for setting priorities within each Bureau, Institute, and 



Divisum The ptiunties cU-f eventually integrated within the Direc- 
tor's uffkevas pail uT the annual budget request. to the Department 
Three decades of vigorous public support of biomedical research 
have now produced a knowledge base that offers unparalleled op- 
portunity for capitalization by the public and private sectors of the 
research communitv. Let me cite some examples: 

The development" of recombinant DNA technology gives us an ex- 
citing tool with which to transfer hereditary units from one species 
to another. It permits, for example, bacteria to become 'Tactories 
that produce substana .- of biological, agricultural, and medical im- 
portance. This technique has already led to the synthetic produc- 
tion of human insulin, somatostatin, and growth hormone. These 
substances are now being tested in NIH-sponsored clinical trials (to 
determine their effectiveness in treating insulin-dependent diabetes 
and certain types of dwarfism. Recombinant DNA technology can 
also yield large quantities of pure antigen which, in turn, may soon 
be used in vaccines for immunization against infectious aj^ents ' 

In addition, large quantities of highly specific antibodies can now 
be produced in the laboratory froni hybridomas produced by cell 
hisiun. This process results in monoclonal antibodies that can be 
usod with great precision in research on vaccines, diagnostic tests, 
and treatments lor many diseases. Recently, for example, investiga- 
tors used human lung cancer cells to prepare monoclonal anti- 
bodres thai can distinguish human tumor cells from normal cells 
This- technologv might permit the detection of cancer at a very 
earlv stage Eventually, clinicians may be able to attach radioac- 
Uve\)r chemotherapeutic agents to the antibodies and thereby kill 
cancer cells w'ithout harming surrounding tissue. 

Remarkable progress has been made in understanding the 
immune svstt'm. Scientists have discovered genetic mechanisms 
that control the immune response to such inv^7ders as cancer cells, 
transplanted organs, and environmental substances that cause al- 
lergies. The genes that regulate these immune Responses are called 
the major histocompatibilit> complex (MHO. Further knowledge of 
MUC m relation to manv diseases— juvenile-onset diabetes, certain 
kinds of arthritis, Alzheimer's disease. Chronic hepatitis, myasth- 
enia gravis, and others— may lead to better strategies for resisting 
them and to better techniques for organ and tissue transplantation. 

An especial Iv fruitful and expanding area is research in neuro- 
biologv Insestlgators are finding many substances that have pro- 
tound' effects on the neivous s>stem— endogenous neurotransmit- 
ters and neurohoimones, as well as many externally applied phar- 
macologic agents. Such substances act at "receptor sites" in many 
locations within brain and nerve tissue. Some recently discovered 
examples are the bodv's natural painkillers— the endorphins and 
other opiale-like substances— which may provide fuller understand- 
ing of the mechanisms of brain function, the cause of substance 
abuse or drug addiction, and the treatment of pain. Their discovery 
has opened a whole new arena of research which may well lead to 
ihi' conquest, of illnesses of the mind and mood, such as depression, 
ahcU have long baffled medical science. 

Two new research instruments— the PETT scanner (positron 
emission tiansaxial tomographvi and the NMR scanner (nuclear 
* magnetic resonancei-are generally regarded as promising and ver- 
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satile tochnologieb that provide noninvasive methods for the stud> 
of organ structures function, and metabolism in living subjects. 
.Like the CAT scanner (computer-assisted tomography), they prom- 
ise to have a major impact on diagnostic medicine in the future. 

These scientific advances form the base upon which we will build 
important achievements and health benefits in the years ahead. 
The> will not come quickly or easily, but there is a momentum to 
science that gives me confidence in the future. We are closing in, I 
believe, but we still must understand the fundamental* processes 
and mechanisms of heart disease, cancer, stroke, schizophrenia, ar- 
thritis, diabetes, and other major diseases. We must set our prior- 
ities in full awareness of the enormous toll of sucB disorders, their 
complexity, and the state of knowledge and readiness for discovery 
that I have outlined. ' 

We recogni/x* and strongly believe that specific research prior- 
ities should be set most cai*<^fully. We would do the progress of sci; 
ence a disservice if we, as managers, were to become preoccupied 
with short-term objectives. The power of science is generated hj 
the creative genius of the individual scientist or research group 
working freely within broad general guidelines. We can best en- 
courage creativity and assure quality by providing adequate re- 
sources and prudent guidance. 

Thank you' for' the opportunity to present these views on re- 
search pniority-setting in biomedical science. I will be pleased to 
Answer any questions you may have. 

[The prepared statement of Dr. Wyngaarden follows:] 
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STATEMENT BY 

JAMES B. wyngaaroen; M.O. 

DIRECTOR 
NATIONAL INSTITUTES OF HEALTH ' 
PUBLIC HEALTH SERVICE 
DEPARTMENT OF HEALTH AND HUMAN SERVICES 

Chairmen Gore and Walgren and Meinbers of the Subcommittees: 

I appreciate this opportunity to discuss the setting of priorities in . 
science. As Director of the National Institutes of Health, I will focus today 
on one aspect of this important topic» namely, priorities in biomedical 
research. 

To be-most responsive to the concerns of the Subcommittees, I will discuss 
three major areas of influence on priority setting at NIH: the overall 
mission of NIH, scientific considerations, and other factors of influence. 
Such as specific public mandates and assignments as expressed by Congress and 
the Administration. The three areas interweave, but for purposes of 
discussion, I. have separated them. Finally, I will briefly describe for you 
the research opportunities now before us. 

Mission of NIH 

The mission of NIH is a broad one, but it can be stated simply: "to uncover 
new knowledge that will lead to better health for everyone." That public 
connltment to biomedical research has been restated tn various forms since 
1887 when the Hygienic Laboratory w<:s established at the Marine Hospital on 

i 

Staten Island "for research on cholera and other infectious diseases." The 
mission was reaffirmed in 1930 when Congress passed the Ransdell Act, which 
established a National Institute of Health. At that time, the Act's author, 
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Senator Joseph E. RansdeM, saw a broadascope for tHe new Agency, telling the 
Senate: * ' 



"This institution should be an international clear itighotrse for ' 
health. . , , A vast amount of research work is awaiting the 
attention of scientists in the field^of medicine and its application 
for the alleviation of suffering, , , , Progress in the future may 
be expected to depend on the advancement of scientists, and that 
Co^untry will be most benefited whose citizens are encouraged to 
engage in systematic research and aided in doing 

Congress underscored its faith in the value of health research in 1944 when it 
consolidated and revised laws relating tp the Public Health Service. ,In 
Section 301 of the PHS Act it gave a broad charter for 'the- conduct of 
^biomedical research directing the Surgeon General to: 



. . conduct in the Service, and encourage, cooperate- with, and . 
render assistance to other appropriate public 'authorities, 
scientific institutions, and scientists in the conduct of, and 
promote the coordination of, research, investigations, experiments, 
demonstrations, and studies relating to the causes', diagnosis, 
treatment, control, and prevention of physical and mental diseases and 
impairments of man, , , 



The broad intention of" Congress in Section 301 was emphasized in a House 
report on that PHS Act, stating: 



"Part A of this title would consolidate and restate the basic 
authority of the Public Health Service in the whole field of 
research, so as to grant, in clear and unmistakable terms, broad 
authority to carry on investigations through its own personnel, and 
to cooperate and assist in the investigation by others, of all 
problems bearing on the physical and mental health of our people," 



This expression* of confidence in the potential of health research, together 
with a multi-billion-dollar investment, built a biomedicaf research capacity 
second to none. It is a source of National pride and international 
prestige. I should point oiit here that, while the Federal role is central and 
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essential, there is no Federal monopoly on health research. In speaking of 
the Nation's research capacityv we include laboratories in publicly supported 
and private coUeges and universities, voluntary organizations and 
foundations, and the laboratories of business and industry. 

NTH operates a large prograjn of laboratory and clinical research in Us own 
facilities, but four-fifths of the expenditures of the agency 90 to the 
support of biomedical research conducted^in universities, private 
laboratories, and elsewhere. The Federal Government contributed nearly 
60 percent of support from all sources for health-related research and 
development ^r^ 1981, the NIH budget accounts for about 70 percent of the total 
Federal tnvestr::ent . From the beginning, the main MIH mechanism of research 
sopport has been individual project grants for studies proposed by non- 
government >cientists. About half of the NiH budget currently supports such 
1 nvesti gator -ini ti ated projects . 

NfH programs express the national policy shaped by Congress through the 
years. That policy encourages diversity and excellence in health research; it 
'■elies on the scientific community itself to identify, through a competitive 
peer review process, the ideas and investigators most worthy of support. In 
this way, public funds inves^ted in biomedical research support the most 
creative ideas and energies in the Amer^an health research community--a 
wealth of ideas ^hose range far exceeds those that could be generated by any 
Single committer, board, council, or laboratory. 

ye also engage in a variety of research-related activities, such as clinical 
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trials to test new medical technologies and drugs and devices, connunity 
edjcation and demonstrations, and development of orphan drugs. But they all 
build upon new knowledge generated through fundamental biomedical research. 
Our mission does not mclude p'^ograms of health services or delivery nor of 
regulation, but of course, we collaborate with agencies and organizations with 
such responsibilities, particularly in regard to future, research needs from 
service and regulatory perspectives. 



Scient'ific Considerations in Priority Setting 

It IS useful to think of research as / continuum stretching from 
investigations into the inost fundame/»tai mysteries of nature to programs 
designed to translate and then trans^.er new , knowledge to the practicing 
physician. 

TRe ultimate goal of biomedical research is the elimination of disease and 
disabflity: the prevention of maladies before they strike or cause damage. 
To prevent disease, we need to know the process—how the disease acts, and its 
target in the body. Sometimes we are fortunate, as in the case of polio 
vaccine, where a confluence of factors plus a determined public health effort 
removed almost overnight a cloud that had hung over society for many years. 
That kind of conquest of disease, however, is rare. Most often we slowly 
amass evidence and carefully look to place each new piece of information in a 
giant puzzle, in the process creating new opportunities that lead us in 
previously unforeseen directions. 
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The fundamental approach to discovery at Nih continues to be through support 
of investigator •initiated basic research into the life processes. Biomedical 
science is increasingly probing the cellular and molecular levels of 
function. Through coripeting research projects, we tap the best minds and most 
creative ideas, weigh them through peer review of substance and methodology, 
and test them through challenge and open exchange of information. Proposals 
are further evaluated by advisory councils for program relevance. We believe 
this approach will produce the ultimate answers, a belief based on the record 
of the past. In order to maintain the momentum of discovery, we consider it 
ext^'emely important to continue to place d high priority on the a^ird of new 
and competing research project 'grants . 

Fundamental to Jec ision-mak1ng on research prior iti«6 is the availability of a 
critical -nass of basic knowledge with ^hich to launch further inquiries. This 
point u well illustrated by a brief review of event,s leading to the»newly 
licensed vaccine to comoat hepatitis B virus, the cause of a debilitating 
liver disease. 

Or. 8aruch S, Blunberg, a scientist studying human genetics with Support from 
NiH, had been pursuing such basic studies for about 13 years when, in 1963, a 
substance in the blood of an Australian aborigine caught his attention. For a 
time he thought had discovered an evolutionary marker in the blood of a 
pr 1 mi t^^e^people. Some years later, he recognized that this marker was a 
ppt5tein fragment left by a previous infection with hepatitis B. This leap of 
insight opened up man/ new studies on the Structure of the virus and, 
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eventually, led to the dtiveloo^ertV of the raceme. This, much-foreshortened 
accoi^nt makes several ffoints concerning the critical importance orf basic 
^•*search. 

-irst, one cannot predict where a basic discovery will have its greatest- 
impact. !n tfris case, an immunologist contributed to infectious disease; 
• — ^ 

control. 

f 

Second, t^ere fnay 'be a long t^me lag between the initial research and i ts 
c^^nicjl apoljcation; in this case almost 215 years. 

Tb'rd, one cannot direct an application before the basic knowledge Is 
jvailable. Had planners decided in the ?md-I950s to develop a */accine against^ 
neoatitis 3» no one would have known where to begin. As Or. Blumberg saldMn 
his address in accepting the Nobel Prue m 1976: "At the outset we had no 
set vie^s on where this path might lead. ... I could not have planned the 
"^v»;st igation at its beginning to f^nd the cause^o^ hepatitis 8." Where this 
wcrk will lead 'n the future is an ooen question, but it has important * 
'Tpl ications--recent •-esearch on she hepatitis 8 /irus has suggested an 
association wVh ^ivpr cancer, the T^ost comrron form of cancer on a world'//ide 
basi^, 

A corollary to the i-nvestigator- initiated approach 15 the need to assure a 
continuing supply of //ell-tramed scientists to ca'^ry out the research needed 
to Tieet national health goals. There ^s a close and reciprocal relationship 
between the continued productivity of research and the availability and 
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replenishment of the supply of qualified investigators. There also exists a 
special need to replenish the supply of physician investigators and, 
accordingly, we are making every effort to attract a sufficient number of 
investigators capable of conducting clinical research. 

All research planning, then, proceeds from what is known about a health 
problem, life process* or disease area. Such a review leads to the 
identification of s^^entific opportunity, gaps and needs, and rapidly 
ad^/^n^.ing areas of research, We also review potential interventions ready for 
clinical testing and approaches or emphases required to advance the knowledge 
base further. Closely aMied is a consideration of the existence of adequate 
r<?s^jrch r^^owrres. Modern biomedical researci- demands sophisticated 
equipment ind ^nstr-^nent^^^n to 'naintam high quality of work. The aim is to 
^ove along continuum from bab ic research to treatment at the bedside. 

The selection of prior ^ty ireas for cl^^^cal research depends on assessments 
of: 

--'''he physical, ^**otionv^l, socwHal, and economic Losts of various 
diseases. 

.-■'he readiness of the s*;ate of knowledge^ f-^r application to disease 
prevention cr treatment. 

V 

-•The potential impact of various research st'-ategies on reducing the 
burdens of disease. 
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I would Hke to cue hero t^ree examples that, in varying ways, reflect these 
assessments. 

One exwle is the National High Blood Pressure education Program of the 
NatTorai Heart. Lung, and Blood Institute, which is based on the knowledge 
that hypertension is a najor factor In stroke and heart disease. In this 
program, public education on factors that contribute to hypertension is 
'•onducted through cooperation with a wide range of public and private 
organizations and Institutions and -.th business and industry. This program, 
and the findings of biomedical research, have contributed to a greater public 
a^^are-iess of the importance of nutrition, exercise, non-smoking and other 
ce-'sonal prictice^ in the reduction or prevention of high blood pressure. 

Other diseases may receive high priority because they provide unique research 
onortunlties despite their relatively low prevalence'or limited geographic 
distribution. These comparatively rare diseases may have well-defined 
T4itabohc or genetic characteristics that Tiake It possible to study underlying 
rtechanisms that aUo occur in oiorc prevalent diseases but are masked by 
COfTipl icatinn changes. 

An interesting example is Huntington's disease, which is a geneMc disorder of 
low prevalence in the United States. However, the National Institute o' 
Neurological and Conmunicative Disorders snd Stroke has gwen priority to a 
study of this disorder in collaboration with scientists at a university in 
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Marjcalbo, Venezuela. A population of 200 patients descended from a Spanish 
sailor who arrived in the countryjji 1860 1s providing a unique opportunity to 
study an inherited disease with neurologic manifestations that are similar to 
those in Parkinson's disease. This is a valuable approach because the 
neurologic manifestations of the more. prevalent Parkinson's are less well 
defined than those in Huntington's disease. ^ 

Finally, pursuit of fundamental answers in biomedicine not only leads. to new 
ways to alleviate or control disease and disability, but also to cutting the 
costs of health care. An example is the practice of treating kidney disease 
by kidney dialysis and transplantation, great achievements of biomedical 
Research that have restored and prolonged many lives. But this approach is 
costly and cin only compensate for the damage already caused by disease 
processes -e do n9t fully understand. Therapy of this kind has been termed 
"halfway technology" by Dr'. Lewis Thomas, Consequently, one of the highest 
priorities of the National Institute of Arthri^ties, Diabetes, and Digestive 
and Kidney Diseases is to 'support research into the mdjor diseases that lead 
to\ irreversible renal failure so that we Qan prevent or arrest them. 

The Nation's approach to investment in research has paid off in lives saved. 
In disabilities overcome, and in economic benefits. One economic analysis of 
the period 1900 to i975, for example, estimated savings from reduced morbidity 
and mortality at between S300 and $480 billion. Taking the conservative 
estimate, this Indicates a return of at least $10 for every dollar invested in 
health research, (Mushkin» S,J,, 1979, "Biomedical Research: Costs and 
Benefits," Cambridge, Mass., Ballinger, p, 412,) 



other Considerations 
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\n Priority Setting 



In setting research priorities, we also give major consideration to the 
concerns and wishes of the public, expressed directly and ti.rough 
Congressional and Executive Branch actions. Authorizing legislation. 
[Tiandates. directives, and approoriations all influence our research planning 
and the conduct of our programs. A few examples of Congressional actions that 
set our course are: concern for providing greater Support to specific areas 
of research or studies; mandates to allocate a proportion of resources to a 
particular disease area; directions for long-range plans; changes in research 
training legislation; proposals for small business set-asides; and the 
establishment of new Institutes with specific charges. 

Additional'/, an mportant part of the planning process involves the views of 
professional societies and voluntary health organizations, the biomedical 
research community, and the general public. These views are sought through a 
variety of means, ranging from structured activities sjch as National Advisory 
Councils, special groups or task forces or cormiissions to consider specific 
''•esearch areas or health problems, to less structured interaction with 
representatives of such groups as conditions warrant, 

Withm NiH there are coiriprehensive and highly organized processes for setting 
priorities within eich Bureau, Institute and Division, The priorities are 
eventuaVly integrated withm the Director's office as part of the annual 
Djdget p-'ocess. 
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Research Opportune es )n the l98Q's 

Three decades of ngorous public support of biomedical research have now 
produced a kno-wledge base that offers unparalleled opportunity for 



capitalization by the public and private sectors of the research community. 
Let me cue some examples: 

The development of recombinant DNA technology jives us an exciting tool with 
which to transfer hereditary umts from one spec.os to another. It permits, 
for example, bacteria to become "factories" tha^ produce substances of 
^biological, agricultural, and medical Importance. This technique has already 
^ed to the synthetic production of human insulin, somatostatin, and growth 
hormone. These substances are now being tested In NiH-sponsored clinical 
trials to jetermine their effectiveness in treating insulin-dependent diabetes 
and certain types of dwarfism. Recombinant DNA technology can also yield 
large quantities of pure antigen which, in turn, may soon be used in vaccines 
foi immunization against infectious agents. 

In addition, large quantities of highly specific antibodies can now be 



produced in the laboratory from hybridomas produced by cell fusion. This 
process results in monoclonal antibodies that can be used with great precision 
m research on vaccines, diagnostic tests, and treatments for many di, eases. 
Recently, for example, investigators used humap lung cancer cells to prepare 



cells. This technology might permit the detection of cancer at a very early 



monoclonal antibodies that can distinguish human tumor cells from normal 
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stage. Eventually, clinicians may be able to attach radioactive or 
Chemother apeutic agents to the antibodies and thereby kill cancer cells 
without harming surrounding tissue. 

Remarkable progress has been made in understanding the inmune system. 
Scientists have discovered genetic mechanisms that control the immune response 
to such invaders as cancer cells, transplanted organs, and environmental 
substances that cause allergies. The genes that regulate these immune 
responses are called the major histocompatibility complex (MHC). Further 
knowledge of MHC in relation to many diseases--juvenile-onset diabetes, 
certain kinds of arthritis, Alzheimer's disease, chronic hepatitis, myasthenia 
gravis, and others—may lead to better strategies, for resisting them and to 
better techniques for organ and tissue transplantation. 

An especially fruitful and expanding area is research in neurobiology. 
Investigators are finding many substances that have profound effects on the 
nervous systen--endogcnous neurotransmitters' and neurohormones, as well as 
many externally applied pharmacologic agents. Such substances act at 
"receptor sites" m many locations wUhin brain and nerve tissue. Some 
recently discovered examples are the body's natural painkillers— the 
endorphins and other opiate- like substances— which mayjirovide fuller 
understanding of the mechanisms of brain function, the cause of substance 
abuse or drug addiction, and the treatment of pain. Their discovery has 
opened a whole new arena of research which may well lead to the conquest of 
illnesses of the mind and mood, such as depression, that have long baffled 
medical science. 
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Two new research 1nstruments--the PETT Scanner (Positron Emission Transaxial 

Tomography) and the NMR Scanner (Nuclear Magnetic Resonance)--are generally 

regarded as promising and versatile technologies that provide noninvasive 

» 

methods for the study of organ structure, function, and metabolism in living, 
subjects. Like the CAT Scanner (Computer -Assisted Tomography), they .promise 
to have a major impact on diagnostic medicine in the future. ^ 

These scientific advances form the base upon which we will build important 

achievements and health benefits in the years ahead. They will not come 

quickly or easil>, but there is a momentum to science that gives me confidence 

in the future,. We are closing in, I believe, but we still must understand the 

fundamental processes and mechanisms of heart disease, cancer, stroke, 

schizoohrema.^ arthnt IS. diabetes, and other major diseases. We must set our 

priorities m full awareness of the enormous toll of such disorders, their 
-> 

complexity, and the state of knowledge and readiness for discovery that I have 
out 1 ined. 

Conclusion 

We recognize and strongly believe that specific research priorities should be 
set most carefully. We would do the progress of science a disservice if we, 
as manager's, were to become preoccupied with short-term objectives. The power 
of science is generated by the creative gemus of the individual scientist or 
research group. We can best encourage creativity and assure quality by 
providing adequate resources and prudent guidance. 

Thank you for tne opportunity to present these views on research priority- 
setting in bio<nedical science. I will be pleased to answer any questions you 
may have. 
-fpw-9/28/82 
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Mr. Walgukn. Thank you very much, Dr. Wyngaarden. 

Next, Dr. Edith Martin, Deputy Under Secretary of Defense for 
Research and Advanced Technology for the Department of Defense. 
Welcome to the committee. Your written testimony will be made a 
part of the record automatically. Please proceed. 

STATEMENT OF DR. EDITH W. MARTIN, DEPUTY UNDER SECRE- 
TARY OF DEFENSE FOR RESEARCH AND ADVANCED TECHNOL- 
OGY. DEPARTMENT OF DEFENSE 

Dr. Martin. It is a pleasure to be here to testify before the sub- 
committees of the House Committee on Science and Technology. 

I. INTRODUCTION 

Good morning. It is a pleasure to be here to testify before these 
subcommittees of the House Committee on Science and Technology. 

In preparing my remarks, I have limited the subject to science 
and technology issues that demonstrate the high national priority 
of the Department of Defense science and technology program. 
Even with this narro\ving of the topic, we are still faced with a 
very complex subject that is difficult to cover in this brief testimo- 
ny. 

I plan to discuss several subjects with you today. Specifically, I 
will address the need to place a high priority on the" DOD science 
and technology program, the structure of our science and technol- 
ogy program, program formulation, and highlights of the research 
program. 

II. THE NEKD TO PLACE A HIGH PRIORITY ON THE DEPARTMENT OF 
DEFENSE SCIENCE AND TECHNOLOGY PROGRAM 

, Many years ago the United States made the decision not to at- 
tempt to match our potential adversaries, mainly the Soviet Union 
and the Warsaw Pact, on a person-for-person, tank-for-tank basis. 
Instead we decided to depend on our superior technology to give us 
the needed military advantage. As a result, the Depaiitment of De- 
fense is intensely involved with technology development, and it is 
essential that our science and technology program be energetic, 
well funded, and responsive to defense needs. 

To put things into perspective, let me take a few minutes to de- 
ycribe our science and technology program. Its objectives and goals 
are to. Offset Soviet numerical superiority; Keep ahead of growing 
Soviet technical threat; Improve reliability ahd maintainability; 
Improve productivity of the industrial base; and Enhance return on 
investment. • • u i 

By way of motivation, let us note tjiat the bovietg in the last 
decade have gone from an RDT&E program that is roughly compa- 
rable to ours to one that is about twice as large. The Soviets have 
more scientists and engineers and they are training more than we 
are, 300,000 last year versus G0,000 in the United States. From the 
mid-19()0 s, as was noted in the opening remarks, to the mid-lOTO s, 
our technology base program was level funded. With intlation 
taken into account, our research purchasing power decreased to 
about half. In 19TG a policy of real growth was instituted, and since 
then we have regained only about 30 percent of that lost ground. 
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We seek to continue real growth until we are convinced we have 
an adequate technology base. . . ■ • u • 

In summary, we recognize our technological superiority is being 
challenged as never before, and we intend to pursue growth in the 
Department of Defense science and technology program to meet 

that challenge. . n m, t^^^t^ 

Let us examine the structure of the defense program. The DUD 
science and technology program includes basic research, which is 
6.1, exploratory development, which is 6.2, and advanced technol- 
ogy developments, which is 6.3A. The S&T program is vertically or- 
ganized. In many cases a concept enters the system at the research 
or 6.1 level where fundamental investigations into the nature of 
basic physical processes are conducted. In evaluating basic research 
opportunities we emphasize the potential for eventual military 
payoff. However, a key feature in our scientific process is always 
the scientific merit of the proposed research. 

Successful completion of a basic research program frequently 
leads to exploratory development, and this is applied research. 
These efforts are directed toward the solution of specific military 
problems. They, by our definition, fall short of advanced technology 
demonstrations and major development projects. 

Advanced technology developments, which is b,3A, normally 
follow exploratory development. They are brass board demonstra- 
tions. Operational systems' are notaccomplished in the, S&T pro- 

In short, the tech-base program is organized to stimulate high- 
quality research and development projects that support our nation- 
ul defense needs. 

Our request for 1983 is $4.3 billion, or approximately 2 percent of 
the DOD budget. The DOD science and technology program ac- 
counts for about 18 percent of the DOD research, development, 
test, and evaluation iRDT&E) program. And similarly, our basic re- 
search program represents about 3 percent of the RDT&E program 

Next I would like to discuss program formulation. The procedure 
by which we select programs bears on the central theme of these 
hearings. The overall Department of Defense process is covered in 
our planning, programing, and budget system or PPBS This 
system provides for top-down guidance to the services and the de- 
fense agencies. The context is set in a document called the Defense 
Guidance. The services and defense agencies in turn formulate pro- 
grams to meet the objectives in the guidance. 

Initial efforts are reviewed by the Office of the Secretary of De- 
fense during the program objective memorandum cycle, and a 
second review is accomplished during the budget cycle. The process 
ih overseen by the Defense Resources Board, which considers many 
mission areas, only one of which is the DOD science and technology 

program. i . . . ■ ■ 

Within the S&T program we are concerned with optimizing in- 
vestment to insure maximum return on investment in terms of in- 
creased military capabilities. Change may be gradual or a step 
function. Evolutionary programs that are important include aero- 
dynamics, propulsion, meteorology, training, and medical research 
and development unique to the military environment. Programs 
that could lead to revolutionary advances are given particular at- 
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tt»ntion. The^(' mclude, Ver> high speed integrated circuitb, chemi- 
cal defen.sf tt'chnulog), directed energ> technology, precision 
guided niunitiunb, advanced materialb, and ADA* high-order Ian* 
guage/environrnent. 

Pifogramb under con&ideratiun for future emphasis are. Microe- 
lectronics, including fail safe, fault tolerant electronics, advanced 
software technique's and supercomputers, machine intelligence and 
robotics, and space based* radurs, infrared arra>s and high power 
microwaves. * ' 

Based on threat infonnatiun and scenarios that help forecast the 
nature of future conflicts, the services either develop research ob- 
jectives or technical objectives which define the aveas or types of 
research and development needed. The services, after considering 
efforts in the private sector and coordination with each other and 
selected Government agencies, in establishing program priorities. 
After final research and development allocations have been mad^ 
by a top-down process, the services formulate specific programs., 
These planned programs are then reviewed from bottom to top and 
ultimately presented to the Office of the Secretary of Defense. 

The review of every effort, about 20,000 in total, is inconsistent 
with our management philosophy. Therefore we limit review to the 
following. The relevanc> of the work, the suppoi;t of defined thrust 
areas, the support of joint or triservice efforts, the timing of major 
militarv s>stems and programs, and conformance with Defense 
(luidance. We constantl> strive to improve our decisionmaking and 
liuinagement processes. I have just recently established a triservice 
ta^k force to stud> our current policies and procedures for guiding 
and reviewing the science and technology'program. 

Last, I would like to present a few highlights of the basic re- 
search program. DOD has supported basic research for decades be- 
ginning with the establishment of the Office of Naval Research in 
19 with the Army Research Office in 1951, and the Air Force 
Office of Scientific Research in I9r>2. These organizations support 
long term, high-risk, high-pa>off research in fields that relate to 
the DOD mission. Key objectives of our research program are to 
reduce the chance of long-term technological surprise and to quick- 
ly exploit important breakthroughs. In 1983 our G.l budget will be 
about $S00 million. Approximatel> 4r> percent, 20 percent, and 35 
percent respectivel> of DOD research is done in academia, private 
firms, and our in-house DOD laboratories. 

Improved coordination of DOD research programs has been 
achieved through the efforts of the Defense Committee on Re- 
search, iDCORi. DCOR members represent the three services, and 
DARPA and is chaired b> the Director for Research and Technical 
Information in my office. 

An important new initiati\e is the DOD university research in- 
.^tr umeniatioa piogram. We are well aware that obsolete equip- 
ment IS hampering DOD universit> research. Thus in 1983 we are 
planning to stait a universit> research instrumentation program at 
a riite of #30 million per >ear for a r>-year period. Proposals will be 
judged on the ba^is of the defense related research to be done with 
the equipment. Our efforts will not cure a longstanding national 
deficiency, but it is at least a start. 
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Another important initiative addresses current and projected 
technical talent shortfalls. This is the service fellowship program. 
In fiscal year 1983 the services will be supporting more than 100 
fellows in defense-related disciplines. The Air Force, Army, and 
Navy fellowships are targeted to the specific areas outlined in my 
testimony. Stipends of $12,000 to the individual plus $8,000 to the 
university are intended to attract the best U.S. students into areas 
of interest to DOD. ^ 

The last research program I will comment on is our small busi- 
ness program. Under the defense small business advanced technol- 
ogy program the DOD announced 100 phase I awards to small busi- 
nesses in December 1981. These awards were at a level of approxi- 
mately $30,000 each. They were issued for a 6-month period to sup- 
port preliminary research and development. As required by Public 
Law 07-219, we are planning the defense small business innovative 
development program, and are coordinating with the Small Busi- 
ness Administration to insure that our future small business activi- 
ties support the defense mission. 

In conclusion, let m6 say there is a clear need to place a high 
priority on the Department of Defense science and technology pro- 
gram. We have elected to rely on our superior technology to coun- 
terbalance the superior expenditures and deployment of equipment 
and manpower by the Warsaw Pact. The burden is on us to make 
that policy successful. 

There iij no doubt that the technological superiority on which we 
depend is being challenged by our adversaries. Our ability to meet 
the challenge wiU depend on the maintenance of a vigorous, broad- 
1> based, imaginative defense program in science and technology to 
address the flow of national defense problems. Our only hope of ac- 
complishing this task is through the continuing achievements re- 
sulting from our effurts in defense research and development 

Thank you. 

[The prepared statement of Dr. Martin follows:] 
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A HIGH NATIONAL PRIORITY: 

THE science; and TECimOLOGY PROGRAM 
OF THE 
DEPARTMENT OF DEFENSE 
30 SEPTEMBER 1982 

by 

DR. EDITH W. MARTIN 

DEPirrv UNDER SECRETARY OF DEFENSE 
(RESEARCH AND ADVANCED TECHNOLOGY) 

i, INTRODUCTION 

GOUD MCiRNlSG IT IS A PLEASURE tO BE Hr.RE TO TESTIFY BEFuRE THESE SUBCOmilTTEES 
OF THE HOUSK COMMITTEE ON SCIEKCE AND TECHNOLOGY. 

IN PREPARING MY REMi\RKS I HAVE LIMITED THE SUBJECT TO SCIENCE AND TECHNOLOGY 
ISSUES THAT DEMONSTRATE THE HIGH NATIONAL PRIORITY OF THE DEPARTMENT OF DEFENSE 
SCIENCE AND TECMNOLOCV PROGRAM. EVEN WITH THIS NARROWING OF THE TpPIC WE ARE 
STILL FACED WITH A VERY COMPLEX SUBJECT THAT IS DIFFICULT TO COVER IN THIS 
BRIEF TESTIMONY. 

I PLAN TO DISCUSS SEVI.RAL TOPICS WITH YOU TODAY. SPECIFICALLY, \ WILL ADDRESS 
THE NEED Tu FUCE A HIGH PRIORITY ON THE DOD SCIENCE AND TECHNOLOGY PRUbRAM, , 
THE STRLuTURE OF OUR SCIENCE /VSD TECHNOLOCV PROGRiVM, PRuGRAM FORMULATION, AND 
HIGHLIGHTS OF THE RESEARCH PROGRAM. 

II THE NEED TO PLACE A HIGH PRIORITY ON THE DEPARTMENT OF DEFENSE SCIENCE 

AND tf:chvology program. 

m. PRF.SENr ADMINISTRATION IS COMMIHED TO ADVANCE, APPLY, AND DEPLOY MORF. 
SlLlKS.SfULLV THAN IN THE PAST -- RESEARCH AND TECHNOLOGY RESULTS IN THuSE AREAS 
OF SCIENCE AND TECHNuLuGY THAT ARE ESSENTIAL TO THE RESTOR/\TION OF OUR NATIONAL 
DEFENSE CAPABILITY. IN RELENT YEARS, OUR NATIONAL SECURITY HAS BECOME INCREAS- 
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fNi^L^ DKt'KMJKNl l-h>S MAlNlAiNlMi U S Sll|*KKIuKin IN BKuAD AKKAS Oi SCIKNCF. AND 
TKLHNULUU\ m. SClF.NCt AND TKHSoiAJC\ I'HucRfVMb THK DKP/XKIMKM OF DKFKNSE, 
AlbMKVfKU BV TMK F.FFuRTS Ob OfHKK FKOFKAL AGFNCIKS AND THK PKiVAFK SF.CTOK, 
PHuMDF fHF FtiiSUUioS FoH HIGHn FFFFUIU ARMH) FnHUS Fgl U'F'F.I) V. I FH 
TtcHNuLuGlcAlXY SimaOK i-.'hAPONb S^SFFMb CUNSlUbKINC THh SlBbT^VSTIAl. QUANTITIVF. 
AVD QUALITATIVE ADVANCES IN MILITARY C/XrABILITIF.b OF THE SOVIET UNION AND ITS 
ALLIES OVEK THE UST DECADE, IT IS IMPERATIVE THAT WT. CONTINUE TO INCREASE 
INVESTMENT IN THOSE AW^\S OF SCIENCE AND TEcHNULOGY NFCESSARY TO OFFSET THf 
SOVIET CAINS 

HWY YEARS AGO THE IMTED STATES MADE THE DECISION NOT TO ,\TTEMPr TO M^\TCH 
olR PUIESTIAL ADVERSARIES, M/MNIA THE SOVIET UNION AND THE UV\RS^\V PACT, ON 
A PERSuN-Fi'R-PFKSi^N. TANK- FOR- TANK BASIS INbtEAD ^^ DECIDED TO DEPEND ON 
OUR SUPERIOR TEUiNQLOGY Tu GIVE US THE NT.EDED MILITARY ADVANT^XOE. AS A RE- 
ISILF, IHF DH'\Hr^FSl OF OFFENSE INTFNSELY INTOLVTED WITH TECHNOLOGY DE- 
VKIuPMFNT !\Sb IT IS hSSFSUAl FHAT OlK SClFNtE AND TECHNOLOGY PROGRAM BE 
ENERt^FFK, Ul.LL*Fl'S!)FD ANU RESPOSSIVF TO OlR DEFENSE NEEDS 

TO PU THINtS INIO PFRSPFaTIVE, IET MF TAKE A FEW MINUTES TO DESCRIBE OUT? 
SCiFSlF AND fECHNOLOGV PROGRAM ITS OfUECTIVIS AND GOALS ARE TO 

o OFF SKI SOVIET NlMERICAl SlPiRiORITY 
o KFFP AHEAD OK CROWING SOVlFf TECHNICAL THRFAT 
o IMPROVE RFLIABILHY AND MMNfAINABU ITV 
RFDICF COsr 

IMPROVE PRol)UnVin OF THE INDlsTRIAL BASE 
o FVHASCF RE U RN OS IS\FsrMESI 

F »ilM\l^^ (.F Si>'vIFT MIHi-\R\ RFSFARlH. DEVFLOPMEM, TEST AND FVAIlAflON 
EXPFSDlKkFS ISDICAIE THAT THE^ FX(FFDFD ANNUAL U S EXPFNDITURES DURING 
EAtH Oh IHF PASl f^N \FARS IN FHF lASF DFCADF THK SOVIFTS HAVE GONE FROM 
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A MILITARY RKSt/\RtH, OKVt.l.uHMLNT , TEST AND EVALUATION PRuGRAM ROUGHLY COM- 

\ 

PARABU TO OURS TO ONE TIL\T IS ABOUT TWICE AS URCK AS OURS AND INCREASING 
HORE RAPIDLY THAN OURS. THERE IS CONCERN THAT WE Mi\Y BK FALLING BEHIND IN 
CERTAIN TECHNOLOGIES CRITICAL TO NATIONAL DEtENSE. IN ADDITION, THE SOVIETS 
HAVE MORE SCIFNflSTS AND ENGINEERS WtiRKlNG ON THEIR MILITARY EFFORTS, AND ARK 
TRAINING MANY MORE THAN WE ARE. 

IT IS IMPORTANT TO POINT OVT TIU'T THESE COMPARISONS OF SOVIET AND U.S 
SPENDING DO N^iT INtLl>DE SOME SIGNIFICANT CONSIDERATIONS. WV. tbWE A VIGoRuUb 
AND SUBS FAN TIAL EFFORT IN PRIVATE SELTOR RESEARCH AND DEVl.LOPMENT WIICH -HAS 
NO COUNTERPART IN THE SOVIET UNION. INDUSTRY ALSO SPENDS ABOUT 3 BILLION 
D0I.IJ\RS A YEAR ON ITS INDEPENDENT RESEARCH AND DEVELOPMENT (IR&D) PROGRAM, 
MUCH UHICH DOES ADVANCE MILITARY Ai> Will AS ASSOCIATED CIVILIAN TECHNOLUO^. 
ABOUT U PERCENT Ut THE INDUSTRY IR^D Eh FORT IS REIMBURSED BY THE DEPARTMENT 
OF DEHN.se AN IMI*ORTiVrr EFFORT IS TO MAKF. THE DOD SCIENCE <\ND TECHNOLOGY 
PROOHiVM AND THE INUUbTRY i\iitU PROGRAM MURE COMPLEMENTARY AND PRUDUCriVE V*ITH- 
Ol'T DISTURB iNii THE MOST IMPORTANT LETTER IN ITS ACRONYM - THE I FoR INDEPEN'DENT. 
ulR ALLIES ALSU FKNU TO BE TECHNICALLY ADVANCED, WHEREAS THE SOVIET UNluN HAS 
ALLIES V\io ARE RELATIVELY TECHNICALLY I.NEERIOR, THUS, A COMPARISON OF MILI- 
TARY RijUE BLT)btIS OMITS CERTAIN IMPORTANT ASPECTS OF OUR TECHNOLOGICAL STATURE, 

FROM THE MIDDLE SI.XTIES To THE MIDDLE SEVENTIES, iHE TECHNuLlgY BASE PROOKiVM 
WAS LEVEL- FUWD IN CURRENT YEAR DOLLARS ^ WHEN IN MOTION IS TAKEN INTO 
ALtoUNT, PURCHASING POWER ACTUALLY DECREASED TO ABOUT HALF. STARTING IN 
l')76 WT INSTITUTED A POLICY OF ANNUAL REAL GROWTH IN OU'R RESEARCH AND EXPLOR- 
ATuRY DKU.I.urMENr PHu^R.\MS AIMED AT RF.GAIMNi. THE APPROXIMAIE LEVEI OF IHE 
HiD-SlXTlES. WE" HAVE bUtU EUED IN REGAINING ABOUT 30% OF THE LOSl GROUND 
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IN SHORT. THERE IS Nt) DOUBT THAT THt TKCHNOLOGICAL SUPERIORITY UPON WHICH 
WE DEPEND fOR OUR SECURITY IS BEING CHALLENGED AS NEVER BEFORE BY OUR AD- 
VERSARIES. UE INTEND TU CONTINUE TO SEEK REAL GROVTH UNTIL WE ARE CON'VINCED 
WE HAVX AN ADEQbATE TKtHNULOGY BASK. THERE IS A CLEAR NEED TO PUCE AN EVEN 
HIGHER PRIoRin ON THE DKPARTMF.NT OY DEFENSE SCIENCE AND TECHNOLOGY PROGRAM. 

in STRICTURE OF THE DEPARTMKNT OF DEFENSE SCIENCE AND TECHNOLOGY PROGRAM. 

THE Don SCIENCE ANU TEtllNULUuV PRUUR.VM INCLUDES RESEARCH (6.1), EXPLORATORY 
DEVELuPnf.NT ibU) .VND ADV,VNCED TECHNOLOGY DEVEI.OPMENrs (6 3A) OK THE THREE 
MILITARY DhfARTMENTS /VNU THE UKKENSE AuF.NCIES (DEtKNSE ADVANCED RESEARCH 
PK*>lKcrs AUVV, lUKNSE NUCI.FAR AGENuY. /\ND THE UNIFORMED SERVICES UNI- 
VFRSIFY OF IHF HEALTH SCIENCES) OUR REQUEST FOR FY 1983 IS $A 3 BILLION. 
oH APPR(iKI>t\rH.Y IWi PFhkEM OF THE lOTAL DOD BUDGET. 

m Mi ScIFSiE AM) IFUlSuLouY FKiH^KA^l ACUOl>iTS FOR ABUUT 18 PERCENT OF TIK 
DOl> RF,sFAkLH, DEVEUiPMESi. lEST AM> E\ALrATION (RDTM.) PROGR/\M, SIMILARLY. 
D<Jl> RF .SEARCH KFFMKsENfS ABOlF rUREF I'KkuFM UF THE RDF^E PKUGR/VM. THE TOTAL 
WU ROUF PKt;U<AM HAKFS UP \PPko\rt\TFn SO PEhCENf UF THE ENTIRE FEDER.M.I.Y 
Sh»SSi)RFI) RFsfAKOH ,\NU DlAFLurMiSF PKooR^Vl 

IHF SiUNcE ASb UiHVUuM PktM.KAM IS VEKilCALI.Y URC/VSI/.ED. A CONCEPT ENTERS 
IHF S^sIEM IMAin AT UIF RF sF \H( H It.U 1.EVFL. \.HKkE FUNDAMFNTAL INnSTICATIONS 
IMo HiE NAUKE dF BASU HhSlCAL PKui ESSES WITH A PolFNTlAl REIATIONSHIP 
to A MUIMK^ FISUUA oh itPFRvnoN ARE CONDITTED THUS. IN FVAIUATINC 
RfsEAK»H OPh'HltNiUES UE FMPHAsi/E IHF PorENTlAL FOR EUNTUAL MILITARY 
l*A\<»FF. HoUVFR. A KE^ FEMIRF IS ulR SCIEMIFK SEIFCTIUN PKUl ESS IS ALWAYS 
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THE SCIENTIFK MKRIT OF THK HRoroSKD RESEARCH. SUCCESSFUL COMPLETION OF A 
RESEARCH (6 1) PROGRAM FREQIXNTLY LEADS TO EXPLORATORY DEVELOPMEN'T (6.2) 
OR APFLIED RESEARCH OUR EXPLuRATuRY DEVELuPMENT PROliR^\M INCLUDES ALL EFFORT 
r it-h^TlD TOV.ARD THK S(>LLTIuN OF SPKuIFIU MILITARY PRuBI.EMS, SHuRT OF ADVANCED 
^ TECHNOIOCY DF.MUNSTR/\TIuNS AND MAJOR DEVELOPMENT PROJECTS. THIS TYPE Of 

tUoRT ftAY VARY FRuM FAIRLY FUND,\MKNTAL APPLIED RESURU* TO <}UnE SOPHISTI- 
CATED BREAl)-8uARD H/\RDUARE. STUDY, PROGRAMMING AND PIASNING EfFuRTS, THE 
U'MINAST CH.\RAC1 ERISTIC uF' THIS CATEGORY OF EFFORT IS THAT IT BE DIRECTED 
TuUARIi SPECIFIC MiliTAR^ PRuBLFM AREAS WITH A VIEW TOWARD DEVELOPMENT. IT 
IslALLV IN\>jLVKS FVALUTINU THE FEASIBILITY AND PR/\CTICABILITY OF PROPOSED 
sun T loss AM) DETERMINING THEIR P/\R/\METERS. 

\ 

FMLOkAKiRY UFVFIop^FST IS SOMETIMES CALLED THE "BREADBOARD" STAGE. 
AUVAMHi UiHV>lu;,^ DEVELOPMENTS (6,3A) FOLLOW AND "BRASS BOARD" DEMON- 
SIRAri»)NS .V.I oitKMIMNA! S^stFMS) ARE /\CCOMPLlSHED. 

A KF^ SfFP IS THF im XDI\E PRoGRfVM Is tSGlNEFRlSG DFVEI.OI'MENT (6.A). I 
Win Vtl EMiHASUE KSuISEERING DEV EI.UPMKS T jlSU IT !S NOT PART OF THE DOD 
SClESiF ASn ntHSuLuo^ PRtK.K.VM, Hi^WKVER, FOR tOMPLE lENESb If IS IMPORTANT 
Vj sIUl nt\r eS{.ISHRlNu OFV^LoPMENT (6,4) reconfigures the bUlCESSFCL 
I*l<.-I'»Ut*t OR HKAs^ BuARlJ' IS PKEPARArU*S FoR PRuDUtlloS. SHwULU CIRUMsrANtES 
Wot IRF i r 

im VHIK \L i'Ht.\M/.Af los OF THE IH»D SUESiE ANU TKHSoLoo^ PRuuHiVI FOSTERS 
m SUM IU>S (lb EbsFXKiH \\U hKH(»PMFST FFF'iRIS HlAi Will F^^NSl'kF UtR 
MlllMK} MWSv.IH ANI> KFMuSFSS IS AOblllON, OlR PRoi.RAM IS SlkltU'BFD 
, S'> IHM SlI^MUH M^Kil \M) U^hMiA! MFKIT AK^ KF\ tEAflMS OF ALL FFFORIS 
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IN EACH STAGE OF RESEAKCH AND DEVELOPMENT. IN SHORT, THE DOD SCIENCE AND 
TECHNOLOGY PROGRAM IS ORGANIZED TO SUPPORT OUR NATIONAL DEFENSE NF.EDb AND 
TO STIMUUTE HIGH-QUALITY RESEARCH AND DEVELOPMENT EFFORTS. 

IV. PROGRAM KORMUUTION 

I BLLIEVX A QUESTION OF IMPORTANCE TO THIS COMMITTEE IS THE PROCEDURE BY WHICH 
Wl SELECT PROGRAMS TO BE UNDERTAKEN IN THE DOD SCIENCE AND TECHNOLOGY PROGRAM 
THE OVT.RAl.L DOD PROCESS IS CO\T.RED BY OUR PLANNING, PROGRAMMING AND BUDGET SYS- 
TEM WliiCH IS LOMMUNLY CALLED THE PPBS SYSTEM. BASICALLY, THE SYSTEM PROVIDES 
FOR TuP-DOU-N GIID/\NCE THE SERVICES AND DEFENSE AGENCIES. THE SERVICES /\ND 
iih^K^f. AuENtlKS IN TURN FORMUUTE PROoKAMS TO MEET THE OBJECTIVES OR EXPLAIN 

n\l DEFENSE OlIDANCE CuULO NOT BE MET. THEIR INITIAL EFFORTS ARE REVIEUID 
BY ih 0^>IC£ OF THE SECRETARY OF DEFENSE (OSD) , FIRST. DURING THE PROGRAM 
UBJFCTIVX M^MuRANDlM CPOMJ CYCLE AS'D, SECOND, DURING THE BUDGET CYCLE DURING 
nitSE REVIEWS THE PRuGRAMS SUBMITTED TO OSD ARE OPTIMIZED TO MEET OUR NATIONAL 
bEcUKITY NEEDS THE OVERALL PROCESS IS OVERSEEN B^ THE DEFENSE RESOURCES BOARD 
(!)RB). 

THE .Science i\Sb TELHNULOGY PRuGRAM IS ONE OF THE MISSION AREAS CONSIDERED B^ 
THE DRB IN ITS DELIBERATIONS. WE HAVE AN OPPORTUNITY TO PARTICIPATE IN THE 
iHl-DtiWN GUIDANCE PREPARi\TIOS AND TO REVIEW THE PRODUCTS CENER.\TF.D BY THE 
Si-kVIcES AND DEFENSE AGENCIES. THUS. SCIENCE AND TECH.SOLOGY PRuGRAM FOWIULA- 
TION !NTERi\CTS WITH PREPARATION OF THE TOTAL DEFENSE BUDGET. 

WUHIN IHK SCIENCE AND TECHNOLOGY PROGRAM WE ARE CONCERNED WITH OHIMIZIKC 
I.SVEblMrST Tu ENSURE MAXIMUM RETURN, IN TERMS OF I.NCREASED MILITARY CAPAIULI- 
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Tils, hkuH Ol'k ktVUkihS rilh mUKLTS UNDKklAKKN tALL INTO V^O GENTm 
CATtOUklKS MRbT/'AkK THK FkouR^VlS HUl CKSKR^M.I.Y ARK bVULUTlONARY IN NATURl 
BLl IN UHluH ir IS IMPORTANT Tll/\T ^'^DVASlKMK.STS BF MADL THRSE INCLL'DE AKRUDY- 
N.VIUS, I^kuriLblUS, MEIKORulOU\, TRAIMSG AND RnUCATIUN, COMMUNlLATIONS AND 
MM'Ii M kM> UMi^U To rilf, MII.ITAHV THKSh DlSLlPllNKS SHOULD NOT BE CUNSIDKRED 
AS SKuAlJ Fklukir^ BIT RAlHKk HuKK MATbkL ASb hKSS l.lKf.U Tu HAVE RFAui.UT I ONARY 
AinANClS 

';IH Shiusb LAlKouk'i ISVolVKS PROJECTS HIAT ILUE A POfENriAL hUR Rf.VOLUTiONARY 
ADVAStES IN MlEilAK^ lAPABliirihS DESUAAFK THFSK FOR INCREASED MANAGEMENT 

AM) FIS( \L E^PH\s|s A.M'iN(, ui,k rURHFM PROuRANS THAI FALE IN THIS CATEGuRY 

m 

\IH\ HI'.H SPhM) lsrE()RArFD CIRCIITS 

(Hnt. w in ussf rMHS(;E0GY 

DIRK'TFD hSFKut If UIN*OE()G\ 

PKH IS Ins (.1 il)M> MlSinoN^i 

Al>l\Si FO MXiFRIAls 

AI»A HIGH oKOiR EANi.l \GF /h NMRONMENT 

PKiK,hVl. {jF IMiS NAU.RF ARh (,l\,FS PARTKLIAKLV SiRONU MANAGEMENT ATTENTION 
Hii\ AM HiuH PAYuhh IThM. AST) ARE mNAGElJ IN A VERTluAl SENSE AT THE OFFICE 
OF m SH KKAk\ OF DhhFSSE lEUl THJ EIST IS NOT STATIC. TFCHNOLOCIES ARE 
LiiS>r\SlM CHASulSt, ASU ir IS wlH GOAL 10 SEEE( iUEL^ SFEK OUT AND INIFIATK NEW 
IMKiSI Akh\.> WE USE IS-HOI'SE ASD uU-HulSE ADVICh IN DKERMININO UliAT ARF:AS 
r») I'SlJhKlAKF AMoSu THE cANDIDAfhS I'SDFR CONS I OF RA1 1 ON ARE 
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o HICROELELTRUNICS, INCLUDING FAIL SAFL/FAULT TOLERANT ELECTRONICS 

o ADVANCED SOFTV.'ARE TECHNIQUES AND SUPERCOMPUTERS 

o MACHINE INTELLIGENCE AND ROBOTICS 

o SP^\CE BASED RADARS, INIR/\REO ARRAYS AND HIGH POWER MICROWAVES 

Tiff; LIST IS LONGER AND OF COURSE RESOURCES ARE LIMITED. HOWEVER,' IN FY 198^. 
WE PLAN TO INITIATE A MAJOR SOFTWARE TECHNOLOGY INITIATIVE WE HAVT. MADE 
WN^IUhRABLE PRuoRKhb TOWARD IMPLEMENTING A STANDARD HIGH ORDER UNGUAGE KNOWN 
AS ADA, Birr MICH MURf NEEDb TO BE DONE THE SYSTEMS USED BY OUR FIGHTING 
tuRCKS ARE BECUMINo INCREASINoIA MORF, DEPENDENT ON COMPUTERS FOR THEIR SUCCESS- 
ni ihKkATIUN THIS HAS LED TO BURGEONING SOFTWARE COSTS IN OUR MILIT/\RI2E0 
luMin.rKH SVSFFMS ir INCLUDES NOT ONLY THE ORIGINAL pEVELOPMENT COSTS BUT 
ALSO Tht LIFF CYCU COSTS WTIICH OFTEN SPAN A PERIOD uF TWENTY YEARS IN 
ADUIIiuN. Se.MWAkE li^NSPuRTABILITY (FRoM ONE SYSTEM TO ANOTHER) NEEDS TO BE 
IMPROVED I AM SFFUSl, UP A SEP.VRAIK OFFICE TU nA}fM'p^ AND DIRECT A TRI- 
r,ERVJCE PROCR/VM IN THiK IMPORTANT AREA ' 

Ui, DO NUT HAVT WifHlS THE SFKVICtS A STANDAHbiZFD METHOD OF FuRMlLAT ING THE 
SCIFNff \ND rFXHNt'..UG\ F»Rui,RA^I HOWTAER, EACH SERVICE USES RFIATUT.LY SIMILAR 
UeHM-^US B^SKD ON St.FNARlOS TH/U FORECAST THE NATURE Of FUTURE CONFLICTS, 
\Ut\ UFVFUJP MTmH f<ES5-AKUl 'JHJFXnVES UH TECHNICAL OBiFenVES UHiCH DEFINE 
THE AREAS UH IM'lS UF RESEARCH AND DEVELUFMEST ESSENTIAL TO MEET Fl'TURE NEFDS. 
PLEASE SO^E THAT I DID NOT SA\ REgUIKFMENTS THF REQUIREMENTS DOCUMENT IS 
THt RFSULT OF A MOHF FORMAL PHOlESS EMPLOYED BEFOKf'moRE RESEARCH AND 
UFUMtnFNl IS UNDFRIAKFN UN SPFUFIL SYSTFMS AND FQUU'MENT THF SERVICES 
IN TIRN PRIuRin/.E THEIR FFFORFS WIFHIN THF IR EXPECTED RESOURCES, AND AFTER 
LOSSIOtRATION OF UuRK BEING DuNF BY OTHER SFHUCFS, UTHFK OUVFRNMKST AGENCIES 
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AMD THE PRIVATfc SECTOR. WIKN A FINAL DECISIuN IS MADE ON ^RESOURCE ALLOCATION, 
HERE AGAIN A TOP-DOU-N PROCESS, THE SERVICES THEN FORMUUTE THE SPtCIfIC PROGRAM. 
THIS IS COMPOSED AND REVIEWID RATHER FURMALLV FRUM BOTTOM-TO-TOP AND IS PRESENTED 
TO THE OFflCE OF THE SECRETARY OF DEFENSE. 

AT USD WE DO NOT ATTEMPT TO APPkuVE EVERY PARTiCUUR EFFuRT. IT IS INCONSISTENT 
WITH OUR MANAGEMENT PHILOSOPHY AND IMPRACTICAL TO DO IN LIGHT OF THE SIZE OF 
THE PROGRAM THE DETAILS CAH BEST BE EVALUATED AT TfiE LABORATORY LEVJEH AND THE 
SMALL SIZt Oi OUR STAFF PRECLUDES LOOKI.NG AT ABOUT 20,000 EFFORTS. WHAT WE 
DO REVIEW, AND IT IS IMPORTANT. IS. THE W.LEVANCY OF THE WORK, THE SUPPORT OF 
ISDRE-DEHNTD THRIST AREAS. THE SUPPORT OF JOINT OR TRI-SERVICE EFFORTS, THE 
TIMIN(. ul- MAJOH PkOl.RAMS. AND, CuNFOKM/\NCE WITH DEFENSE GUIDANCE PREVIOUSLY 
PROVIDFD DfHCE OF THE SECRETARY OF DEFENSE REVIEWS PROVIDE THE BASIS FOR 
THE FINAI DEUSIONS ON m SlIENCE A);D TECHNOLOGY PROGReVM UUGH IS THEN 
SUBMIT! ED To CO.VGREbS 

FINMLY, Wl ARE ALWAYS SKEKINU TU IMPROVE ulR OVERSIGHT AND ALLOCATION PROCESS. 
AT THK PRESENT TIME I HAVE ESTABLISHED A TRI-SERVlCE TASK FuRCE TO REVIEW OUR 
CLRR^VT PROLEDlktS FuR REVIEWING THE SlIENCE AND TECHNOLOGY PROGRAM IT IS 
iMt^uhlvSr THAT WF. C"JNSrANri.Y IMPROVE OUR METHODOLOtiY AND PROCEDURE FOR 
ALLUMPl ISMINU IHIS TASK WiTHuLI BELOMiNU OVF.RLY COMPLEX IN UUR ADM I M STRATI VE 
Pk'tttDlREh ir IS ALSO IMPORTANT THAT THE PROCEDURES AL> i'lKD ALSO BE AC^EPIABLE 
TU THE SERVlLEb IN oRliEk THAT U>. ACHIEVE WlluLEHEARlF 0 COUpEkATION i EXPECT THE 
I\SK FORCE WILL CoMPLEFF ITS UORK FAKLY NF.XI yF:AR 
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V. HlGHUGlfrS OF THE RtSKARCH PROGRAM 

THE RESEARCH C6.U PORTION OF THE DOD SCIENCE AND TECHNOLOGY PROGRAM IS ABOUT 
$800 MILLION IN THF. DEPARTMENT OF DEFF.NSF. AUTHORIZAtfON ACT OF 1933 (16 Aug 
82). THE TOTAL NATIONAL EXPKNDITURt FOR BASIC RESEARCH IS $9 BILLION' UNIVER- 
SITIES, INDUSTRIES AND GOVERN-MENT LABORATORIES PERFORM ABOUT 45%, 20% and 35%, 
RESPECTIVELY, OF DOD RESEARCH. OF COURSE, THESE PERCENTAGES VARY SLIGHTLY 
FROM YEAR-TO-YEAR, t<GELY IN RESPONSE TO THE CHANGING RESEARCH NEEDS OF THE 
DEPARTMENT OF DEft.NhE 

THE DOD HAS SUPPORTED RESEARCH FOR DECADES. WIES THE CONGRESS ESTABLISHED 
THE OFF UK OF NAVAL RESEARCH (OSTR) IN 19i6, DOD BECAME THE FIRST GOVERNMENT 
ORGANIZATION TO SUPPuKT RESEARCH FORMALLY. FOLLOWING THAT THE NATIONAL SCIENCE 
FOUNDATION WAS ESTABLISHED IN .1950 THE DOD COMMITTMENT TO RESEARCH CONTINUED 
WITH THE ESTABLISHMENT OF THE ARMY RESEARCH OFFICE (ARO) IN 1951 AND THE AIR 
FORCE- OFFICE OF SCIENFIFIC RESEARCH (AFOSR) IN 1952. THE PROGRAMS AT ON-R, 
ARO AND AtOSR SUPPORT LUNG-FtRM, HlGH-RjSK^HIGH.PAYOJF^RESF.ARCH IN FjELpS 
THAT REUTE TO THE bOD MISSION. THESE PROGRAMS OF RESEARCH ARE ESSENTIAL 
TO REDUCE THE CHANCE OF LONG TERM TECHNOLOGICAL SURfRISE AND ALLOW US TO ^ 
tXPLOlT IMPORTANT BREAKTHROUGHS QUICKLY. IN RECENT YEARS, THE PROGRAMS 
OF RESEARCH AT THESE DOD ORGANI ZATIcTnS HAVE INCLUDED RESEARCH AREAS THAT 
REQUIRE CONCENTRATED EFFORTS U^R A PERIOD OF SEVERAL YEARS. THESE SPECIAL 
PROGRAMS ARE KNOWN AS SPEtlAL FOCUS PROGRAMS OR RESEARCH INITIATIVES VL • 
WILL CON^TINUE tO STRIVE FoR SIGNIFICANT GROUCH IN OUR BASIC, RESEARCH JRO^ 
CRAMS WT. ARF COMMl TfU) TO,THIS IT IS ESSENTIA].. 
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THE OBVIOUS FOUNDATION JuR THh VKRTICALLV STRUCTURED DOD SCIENCE AKD TECHKO- 
LOGY PROCESS IS THE 6.1 PROGRAM-HENCE THE RENEWED EMPHASIS ON MANAGING 
THE PROGRAM FOR GREATEST EFFECTUXN-ESS. AS A STEP TOWARD THIS GOAL» THE 
DFFEN'SE COMMITTEE ON RESEARCH tDCORj WHICH HAS MEMBERS FROM THE THREE SERVICES^ 
THE DEFENSE ADVANCED RESEARCH PROJECTS AGENCY (DARPA), AND IS CHAm:D BY THE 
DOD DIRECTOR FOR fiESEARCH AND TECHNICAL INFORMATION » SERVES AS A COORDINATING 
AN'D P0LICY-M/\KING GROUP. 

OBSOLETE EQUIPMENT IS H/VMPERING DUD UNIVERSITY RESEARCH AND WE ARE ACTIVELY 

ADDRESSING THIS PROBLEM. THE DOD HAS COMMITTED $3 MILLION FOR UNIVERSITY 

RESEAR'-H EQIIPMEKT TO JOINT SERVICES ELECTRONICS PROGRAMS FOR FY 1982. IN 

FV I'mt V} AHF PLANMNu TO START A BROADER UNUEHSITV' RESEARCH INSTRUMENTATION 

PRiK,R.\M \'U\{ ^jO MILLION PER YEAR FOR A FIVE-YEAR PERIOD. THE ARMY RESEARCH 

U^HiE, Tf(E UKILE UF NAVAL REbE<\RUi AND THE AIR FORCE OFFICE OF SCIENTIFIC 

REsFAKiH UILI, FAcli UND APPRUXIM^UELY $10 MILLION IN UNIVERSITY RESEARCH 

Ei^llPMEM IN l\ 198i PROPOSALS SXUMIHED UNDER THIS PROGR.\M WILL BE JUDGED 

> ON THf BVSIS Oi IHh PROPOSED UEfENSh RELATED RESEAKCij TO BE DONE WITH THE 

EgliPMtNT ntvr IS. OIR KEY SELECTION CRITERIA ARE THE QUALITY Oi THE ASSO- 

CIArtiD RESEARCH AND THE iMPORTANcL OF THE RESEARCH TO THE TOTAL DOD EFFORT. 

WHIU THIS DUES ,NuT EIRE A LONG-STASDINO DEMCIENCY^ IT IS AT LEAST A START, 

•VM* (iSt IHAf I ilU WILL liAD UIIHR Hj'NDING JiOENclLS TO SIMILAR ACTION. ON 

A MILL BHiiAl;ER scAI F , THl bEPARTMK.ST HAS INCRhVSED.EQl imHrNI BUYS IN ITS CON- 

IRV r FRwhHAM^' FROM PERCENT IN F\ 1«)76 TO XblUT 10 PERCENT IN FV 1982. THE 

iK'ihlFM OF UHSDIME KKSKARUi INSTHl MFNTATION IS liV Nu MKANS LIMIIED TO DOD 

Rr.l-VHiH PKoi.RAMSt HuULVF,R, U>, llAU. A RF SUjSS 1 lU 1 1 n Tu CUNTRllillE OUR SHARE 
S 

• To IHF Si»IMfoS OF nils PKOBLFM 
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THE ARhY, NAVY AND AIR FORCE HAVE ALL INITIATED FELLOWSHIP PROGRAMS, AND IN 
FY 1983 WILL BE SUPPORTING MORE THAN 100 FELLOWS IN DEFENSE REUTED DIS - 
CIPLIKEb THE AIR FORCE FELLOWSHIP PROGRAM FOCUSES ON THERMIONIC ENGINEERING, 
ADVANCED COMPOSITE STRUaURES AND RESEARCH IN AIRCRAFT TECHNOLOGV, THE ARMY 
CURRENTLY PUSS EMPHASIS OS COMPITTER SCIENCES, VERTICAL LIFT TECHNOLOGY AND 
ADVANCED MATERIALS THE NAVY HAS TARGETED ITS FELLOWSHIP SUPPORT TO STU- 
DENTS IS ELECTRICAL ENGINEERING, COMPUTER SCIENCES, NAVAL ARCHITECTURE, 
APPLIED PH^SlLS, MATERIALS SCIENCES AND MECHANICAL AND AEROSPACE ENGIKEERING, 
AND IS IMPLEMENTING THEIR PROGRAM WITH THE HELP^OF THE AMFJilCAN SOCIETY FOR 
ENGINEEf^NG EDICATIOS. STIPENDS OF $12,000 ARE BEIKG OFFERED WITil AN 
i\DDiriuN OF $8,000 TO THE UNIVERSITY AT WHICH THE STUDENT DOES HIS WORK IN 
THIS PHOUK/VM U\ m STKIVISG FOR QUALITY. THE STIPENDS ARE SUFFICIENT TO 
ATTRACT THE BEST U S 'STUDENTS INTO AREAS OF INTEREST TO DOD. HERE AGAIN, , 
THIS DOES NOT V)i.VK THE TuTAL PROBLEM, BUT IS A GOOD START. IT IS IMl>ORTANT 
U) bMPHASl/t DIM THESE SlUD^MS ARE UXiKXISG IN Ri-.SURCH AREAS OF HIGH INTEREST 
Tn DtFFSSE 

OIR HK^tAktH PHuv.kA>b hS'DIRECTLV SUP^RT MANY GRADUArE STUDENTS FOR EXAMPLE, 
A NAv"i SllIA tusDUCTED IN 1980 SHOWS 'THAT THE OFFICE OF NAVAL RESE.\RCH 
Sl.tpDKls AS hsTUWTED 2.200 CRAnUATK. STUDENTS (SOME PARTIALLY) THROUGH ITS 
UATKAa KtSt'\RiH PHUORAMS THE NUMBfR lUR ALL THREE SERVICES IS ESTIM/\TKD 
AT MoRI U\\\ i.OOO ORADlATt STUDENTS 

I WUILD IlKh TU IJIS'-USS UUH SMALL BUSINESS PHoCR^VM. L^.K THE DEFENSE 
VUii mstSFSS ADVANtMJ IKHMiLOlA (UESAT) PROuRyVM THE DOD /\NNOl'NCKU 100 PHASE 
I AV,ARt)S TO SMALL UlSINKSSES ON DECEIBEH 2 J, 1981. THESE AWARUS WIRE AT THE 
IKM APi'KuXIM.\TELY $^0 FHOl sAND EACH. AND THLV WKRL ISSUED FoH A SIX- 
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MOKTH PERIOD TO SIPFORT PkF.LIMINARY RESKARCH AND DEVELOPMENT. Tia TOTAL 
SUPPORT FOR PliASE I OF DESAT I WAS APPROXIMATELY $5 MILLION. BASED ON ^il 
R£SmS OF PHASE I EFFORTS, DOD PLANS TO AWARD ADVANCED DEVELOPMENT CON- 
TRACTS IN PHASE II, UNDER THE PLANNED DEFENSE SM/\LL BUSINES.S INNOVATIVE 
DEVXLuPMi:NT IDSBID) i>ROGRAM. THESE CONTRACTS WILL BE FOR FULL-SCALE RESEARCH- 
AND DEVELOPMENT OF PkUPObED APPROACHES TO VARIuUS DOD, PROBLEMS WHitH HAVX BEEN 
JUDGED MOST PROMISING. PHASE II AWARDS ARE CONTINGENT UPUN FAVOR.\BLE EVALUATION 
OF A PIUSE I REPORT AND A ?\h\Sl II PROPOSAL. 

VI. CONCLUSION 

1HFH[ IS A I IFAH NPED TO PUiE A HIGH PRIORITY ON THE DEPARTMENT OF DEFENSE * 
SCIENCE AND TFlHNOI.uGY PRUOK/VM WT. HAVE ELECTED TO RELY ON OUR SUPERIOR 
TELUViLtJU'i Tu LUNTEH-BAUNCE THE SUPf.RIOR EXPENDITURES. DEPLOYMENT OF EQUIP- 
MENT AND MASPUWEH UF THE WARSAW i'ACT THE BURDEN IS ON US TO MAKE THAT 
PfiLUY SluESSFLL THERE IS NO DOUBT THAT THE TECHNOLOGICAL SUPERIORITY 

UPON WHIlH W^. depend FOR OUR SELUR I IS BEING CHi\LI.ENl,ED AS NEVER BEFORE 

/ 

BY OUR ADV1.HSARIES ^SD IT IS EQUALLY CLEAR THAT OUR ABILITY AS A NAT/ON 
Tu MKFF THIS i HALI.F NGE WILL DEPEND IN URGE MEASURE UPON THE MAINTENANCE OF 
A VIUiHulS. BROADLY -BASED, IM/VilNATIVE DEFENSE PROORAM IN SCIENCE AND TECH- 
SuLiiuY TU PHuVU/E FUR CONriNLING FLOW OF NEW CONCEPTS AND TECHNOLOGICAL 
UPrioNS FUH THE SULITIUN OF CIRHENT m FUTURE NATIONAL DEFENSE PROBLEMS. 
ulK U\\\ nun OF ACLuMPLISHINO THIS TASK IS THROUGH THE CONTINUING SUPERIOR 
A^HUAFMENIs RESLLTINO FROM uLK AUAULMIC, INDUSTRIAL AND toVERNMENT FFFORTS 
IN lUFFSSt ^HFSFAHlH AND DFVnr)PMJSr EFFORTS 



1 >; 

ERIC 



45 



Mr. Walgrkn Thank you very much, Dr. Martin. I appreciate 
that testimony. 
Dr. Langenberg. 

STATKMENT OF DR. DONALD N. LANGENBERG, DEPUTY 
DIRECTOR. NATIONAL SCIENCE FOUNDATION 

Dr. Langbnberg. Mr. Chairman and members of the subcommit- 
tees, the National Science Foundation is an independent agency, es- 
tablished by the National Science Foundation Act of 1950 with the 
broad mandate to promote the progress of science in the United 
States. The concept of a National Science Foundation emerged 
from the World War II recognition that a strong and broad science 
* and technology enterprise is essential to the security of the Nation. 
Today it is widely accepted that this concept includes economic as 
weir as military security. Since its establishment in 1950, NSF has 
occupied a unique place among Federal Government agencies, with 
responsibility for the overall health of science across all disciplines, 
in contrast to other agencies that support research in aid of specific 
missions such as health or defense. ■ -r- 

The National Science Foundation maintains U.b. scientitic 
strength by funding research in all fields of science and engineer- 
ing through grantb and contracts to more than 2,000 colleges and 
universities and other research institutions in all parts of, the 
United States. The Foundation accounts for about 27 percent of 
Federal support for basic research going to academic institutions. 

Given its broad mission and the range of science and engineering 
activities it supports, the Foundation has been vitally concerned 
since its inception with the subject of these hearings— setting prior- 
ities for science. Before I describe the structure that has been, de- 
veloped to establish priorities in NSF, I would like to offer some 
views on the general problem of priority-setting for science. 

Science is driven by its own internal imperatives, by the rapidly 
evolving opportunities and advances within the conceptual struc- 
ture of the disciplines. Science is rflso driven by the needs of the 
larger society for knowledge and ideas that can help illuminate 
and resolve important societal problems. It is the inter^oiL Ji\e' 
creative tension bet\veen these internal and external imper^tryes 
that provides the dynamic context in which the problem of prior- 
, ity-setting for science needs to be addressed. , 

There are many different, equally legitimate reasons for an indi- 
vidual or an institution to eng^ige in scientific research. These 
range from one of man*s most engaging characteristics— curiosity— 
the desfre to gain insight into a natural phenomenon without 
regard to any foreseeable application— to the desire to apply scien- 
tific knowledge to improve a tangible product or process or to 
invent a new one. In other words, the motivations of scientists and 
engineers and of their institutions are characterized by a large 
measure of pluralism. ' ... 

At its best, this pluralistic nature of the science and engineering 
research enterprise is a kind of free competitive market of ideas, 
where the long-term wisdom of the whole can confidently be ex--^ 
pected to exceed the short-term wisdom of any of its parts. This 
plurahbm in the United States often bewilders visitors from abroad 
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who are accusturned to working in more constrained, centrally 
planned settings. It is also the envy of most of those foreign visi- 
tors, who tend to agree that the array of opportunities provided by 
this pluralistic s>stem is an essential component of this country's 
scientific strength. 

Unfortunately, since opportunities for pursuing fruitful scientific 
research almost alwa>s exceed the financial and human resources 
available to pursue them, individual scientists and engineers, re- 
search institutions, and the Nation must determine what research 
priorities will best enable them to realize their objectives. The way 
a given entity determines its priorities will, of course, depend on 
what those objectives are, what scientific opportunities are envi- 
sioned, and what financial and human resources are likely to b^ 
available. In my view, the most important thing to remember in 
designing and using any mechanism for priority-setting i§ that it 
ought to provide the maximum possible flexibility at all levels, it 
ought to encourage the taking of risks and the seizing of opportuni- 
ties, and it ought to keep options open. 

Let me illustrate with an example appropriate to this season, one 
where success also depends on priority-setting and planning that 
encourage flexibility and initiative. I am thinking of the game of 
football -an example I owe to my colleague. Professor Raymond 
Orbach Suppose some institution, a university, examipes its goals 
and priorities and concludes that it is in its own and its patrons' 
interests to have a football team and to play a series of like-minded 
opponents. One can imagine here in the scientific and technical en- 
terprise, perhaps the Congress and the Executive having to decide 
on the basis of national priorities to play the game. 

This university might tfien hire a coach, whose responsibility it 
is to attract players of the highest possible individual ability and to 
build from them an effective team. Here one might imagine the 
heads of Federal research funding agencies, university presidents, 
department chairmen, deans, and the like. Each week during the 
season the coach must analyze his team s next opponent, consider 
the opportunities it presents, and devise a game plan that exploits 
his team's strengths and its opponent's weaknesses. (The analogy 
to the opponent of the football team in the case of the scientific 
and technological enterprise, I think, is ignorance.) 

Saturday ai-rives. and the plan is put into efTect. But of course 
eM'i> thing cannot be anticipated, and the unexpected inevitably 
happens. For e.Xtimple, in the huddle, the quarterback s announced 
plan is to have a running back carry the ball through an anticipat- 
ed hole off tackle. What if a hole develops in the center of the line 
while the off tackle position is plugged by a linebacker? Should the 
I uimuiK back follow the original plan and attempt to drive through 
tht' blocked position? Or should he seize the opportunity to run 
through the center instead? Will he be rewarded for following the 
on^^mal plan even though he is stopped cold? Will he be punished 
if he sei/.es the unexpected opportunity and makes a big gain? 
Should he stop in midpLiy and check with the quarterback or the 
coach before deciding what to do? If you ponder these questions, 
vou can understand wh> we at NSF place a high premium on the 
ability to innovate within flexible guidelines, and why we try to 
desist from ovoi'ly rigid priority-setting. 
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How do we at the Foundation set research priorities? We begin 
with NSF's Congrebsionally mandated mission to support long-term 
research. That means that we cannot establish priorities with a 
view toward maximizing specific economic or social returns on 
NSF's research investments— even though we are firmly convinced 
that there are substantial economic and social returns on the Na- 
tion's investments in long-term research. Rather, since NSFs pri- 
mary mission is to support the best research ideas in the most im- 
portant areas of science, we adhere to the principle that the scien- 
tific and engineering communities should be broadly involved in 
determining directions and priorities for research. . ^ 

The Foundation's internal structure reflects this general princi- 
ple, and the fact that since NSF is a Federal agency, it must be 
resDonsive to the external imperatives that drive science— that is, 
to the fact that research has important societal implications. We 
also believe that the mission of the Foundation clearly allows us to 
assist the Executive and the Congress in meeting national goals, 
and to help shape those goals where the contributions of science 
are concerned. ^. . ... . 

As a Presidential appointee, tho NSF Director is responsible for 
assuring that F'oundation priorities are consistent with broad Ad- 
ministration policies. As a scientist or engineer who is also a peer 
to the headb of other Federal research and development agencies, 
the Director is also in a good position to identify areas where 
NSF's concerns overlap with those of other agencies, and where 
some reasonable measure of coordination in priority-setting and 
program planning could be advantageous. \ . 

NSF is unique among Federal R&D agencies in having a Presi- 
dentially appointed Board— the National Science Board— which 
shares^ with the Director, the authority and responsibility for de- 
termining the overall policies and priorities of the Foundation, in- 
eluding its budget priorities, within overall Administration guide- 
lines Since the 24-member Board— 25 including the Director ex of- 
ficio— is also broadly representative of the science and engineering 
communities, it brings to its tasks both a firsthand knowledge 
about the most promising areas of scientific opportunity and a sen- 
sitivitv to the conditions that (can best facilitate scientific research 
This extended, cooperative management structure is also reflect- 
ed at the program level. The Foundation is organized into director- 
ates each comprised of divisions containing related groups of sci- 
ence' or engineering disciplines. Within the organization, advisory 
committees associated with each division assist us in tapping the 
advisorv resources of the scientific and engineering communities 

In bhort» the Foundation's institutional structure for establishing 
research priorities— and the detailed budget and program plans 
that are derived from those priorities— is intended to be responsive 
to the collective judgment of working scientists and engineers 
about where the best science is being done and is likely to be done 
euid where the areas of greatest need are likely^ to be. 

One mdication of the sensitivity of our priority setting mecha- 
nisms to the collecti\e judgment of the community is the fact that 
changes are evident in NSF's priorities when they are viewed over 
a period of several years. For example, a consensus began to 
emerge m the mid-T^TOb that substantial additional investments m 
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luiuputci n.-.tMuh f<ailitit*t> would be neceiaiaar> if universitieb were 
to remain ni the furefrunt uf this important research field. The 
Feldstein report, completed in 107S, documented this need in 
detail, and recommended a program to upgrade and modernize uni- 
versity computer facilities. 

The National Science Board accepted the essence of the Feldstein 
rep(;rt bv authorizing the Director to explore, with the Office of 
Management and Budget, the establishment of a new umversity-co- 
urdinated computer research program. This decision required a 
shift m the relative priorities of NSF's Directorate for Mathemat- 
ical and Physical Sciences, but a shift that the university constitu- 
tiitt5 uf this group of programs regarded as essential. From a budget 
perspective, these priorit> changes are evident onl> from a perspec- 
tive of several >ears One grant under the coordinated program 
was made during fiscal >ear 1J)8(), four were made during fiscal 
vear IDM. and five in fiscal year 1982. The program continues. Ul- 
tinuitel>, we anticipate rr^aking about 10 more grants under the 
(iio^^ram. for a total of approximatel> 20. The result, we think, will 
be a nuijoi rehabilitation of the universities abilit> to perform fun- 
damental research in the computer sciences. 

I'hfre are other examples. I would mention one briefiy because it 
tianMctuis direct NSF control and involvement, the question of ob- 
^^olesccnt university instrumentation NSF first became aware oC. 
thK*^ problem when it was persistentl> identified by several of the 
divisions' ad\isor> committees. When the National Science Board 
txaniined the dimensions of the problem, it agreed that support of 
equipment acquisition through NSFs normal grant awards process 
ought to be assigned a high priority. But the Board also agreed 
that the implications of the problem transcended NSF's interests, 
and that, therefore, NSF alone could not find a solution. 

Because NSF enjo>s good working relations with other Federal 
agencies, we have been able to convene, with the encouragement of 
the {^resident's Science Adviser, an interagency task group to seek 
a coordinated Federal response. At the suggestion of the Office of 
Stieme and Technology Policy, NSF prepared a draft analysis of 
the prublem for incorporation into the President's "Annual Science 
and Technology Report to the Congress, 1081" and thus helped to 
uleiitifs tlu* obsolescence of research apparatus as a problem of na- 
tioiiiil loncern Finally, because of NSF's many contacts in the pri- 
Wite stxtui. v\e have been able to involve industry in the search for 
innosative ^ulutluns There are other examples I could mention to 
>hov\ how priority setting is done in the National Science Founda- 
tion, ljut the centivil thrust of ni^ remarks and the thought that I 
mo->t WAUi to lease with vou is that since the best science is done 
In the best scientists and the best engineering research is done by 
the bt^t engineer ^, Ihese scientists and engineers also need to have 
a -^tniug vtiice m anv workable planning and priority-setting proc- 
tor* The Foundation svstem is designed to assure that they do. 

I Would be happv to answer anv questions you may have. Thank 
\()U. Mr (*hairmnn 

[The statement of Dr Lnngenberg follows'l 
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STATEMENT OF 
DR, DONALD 'I LANGENBERG 
DEP'JTY DIRECTOR, NATIONAL SCIENCE FOUNDATION 
BEFORE THE 

SUBC0.1^ITTEE ON SCIENCE, RESEARCH AND TECHNOLOGY 
AND THE 

SUBCOMMITTEE ON INVESTIGATIONS AND OVERSIGHT 
COM^IITTEE ON SCIENCE AND TECHNOLOGY 
J.S. HOUSE OF REPRESENTATIVES 

SEPTEMBER 30. 1982 

Chapman WAi.Gf?EN. Chairman Go^e and Members of the Subcommittee: 

I am Donald N. Langenberg. Deputy Dipecto*? of the National 
Science Founo^ation. 

The National Science Foundation is an independent Federal 

AGENCY ESTABLISHED BY THE NATIONAL SCIENCE FOUNDATION AC T OF 1950 

with the b'^oad mandate to promote the progress of science in the 
Nnited States. The concept of a National Science Foundation 

EMERGED FROM THE 'iio^Ld WaR !I RECOGNITION THAT A STRONG. BROAD 
SCIENCE AND TECHNOLOGY ENT£»poiSE iS ESSENTIAL TO THE SECURITY OF 

THE Nation. Today it is widely accepted that this includes 

ECONOMIC AS WELL AS MILITARY SECURITY. SlNCE ITS ESTABLISHMENT IN 

1950. NSF HAS OCCUPIED a unique place among Federal government 

AGENCIES, with RESPONSIBILITY FDR THE OVERALL HEALTH OF SCIENCE 
AC»OGS ALL DISCIPLINES. IN CONTRAST TO OTHER AGENCIES THAT SUPPORT 
RESEAOC-4 tN AID DF SPECIFIC MISSIONS SUCH AS HEALTH OR DEFENSE. 

The National Science "oundation maintains U.S. scientific 

S-RENGTH BY FUNDING RESEARCH IN ALL FIELDS OF SCIENCE AND ENGI- 
NEERING THROUGH GRANTS AND CONTRACTS TO MORE THAN 2.000 COLLEGES 
AND UNIVERSITIES AND OTHER RESEARCH INSTITUTIONS IN ALL PARTS OF 

THE U.S. The Foundation accounts for about 27 percent of Federal 

SUPPORT <^0R basic RESEARCH GOING TO ACADEMIC INSTITUTIONS. 

3l.'tN irs BROAD MISSION AND THE RANGE OF SCIENCE AND ENGI- 
NEERING ACTIVITIES IT SUPPORTS. THE FOUNDATION HAS BEEN VITALLY 
CONCERNED SINCE ITS INCEPTION WITH THE SUBJECT qf THESE HEARINGS-- 

^jEtting P'jio^it^es for Science. Before I describe the structure 

THAT ^<A'> BEEN DEVELOPED TO ESTABLISH PRIORITIES IN NSF | WOULD LIKE 
ro OFPE» SOME niA% ON THE GENE^'AL PROBLEM OF PRIORITY SETTING FOR 
SCIENCE. 
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Science is o«?i/en 8/ its own internal "imperatives, by the 
rapidly evolving opportunities and advances within the conceptual 
structure op the disciplines, science is also driven by the needs 

OP THE LA9GE» SOCIETY ?0R K.hOWLEDGE AND IDEAS THAT CAN HELP 
ILLUMINATE AND REOOLVE IMPORTANT SOCIETAL PROBLEMS. |T IS THE 

interaction. the creative tension between these internal and 
external imperatives that provides the dynamic context in which the 
problem of priority setting for science needs to 3e addressed. 
There are many different, equally llGitimate reasons for an 
individual or an institution to engage in scientific research. 
These range from one of man's most engaging characteristics — 
curiosity — the desire to gain insight into a natural phenomenon 
without regard to any foreseeable application, to the desire to 

APPLySCIENTIFIC knowledge to improve a TANGIBLE PRODUCT OR PROCESS 
OR TO INVENT A NEW ONE. In OTHER WORDS. THE MOTIVATIONS OF 
SCIENTISTS AND ENGINEERS AND OF THEIR INSTITUTIONS ARE 
CHARACTERIZED BY A LARGE MEASURE OF PLURALISM . TwO SCIENTISTS 
WORKING IN THE SAME FIEL^D. ONE IN A UNIVERSITY DEPARTMENT AND ONE 
IN AN INDUSTRIAL LABORATORY MAY PURSUE A SIMILAR RESEARCH PROJECT 
FOO VERY DIFFERENT REA^NS. TwO UNIVERSITY DEPARTMENTS WITHIN THE 
SAME FIELD OR TWO DIFFERENT COMPANIES WITHIN THE SAME INDUSTRY CAN 
HAVE /ERY DIFFERENT RESEARCH OBJECTIVES AND VE»Y DIFFERENT ©ESEARCH 

PRIORITIES. And. of course, since the Federal Government supports 

SCIENTIFIC RESEARCH TO FULFILL SEVERAL RELATIVELY DISTINCT 
MISSIONS. THE OBJECTIVES AND PRIORITIES OF DIFFERENT FEDERAL 
AGENCIES AL^O DIFFER CONSIDERABLY, 

At its best, this pluralistic nature of the SCItNCE AND 
ENGINEERING RESEARCH ENTERPRISE IS A KIND OF FREE COMPETITIVE 
MARKET OF IDEAS. WHERE THE LONG-TERM WISDOM OF THE WHOLE CAN 
CDNFIDEMTLY BE lXPECTEO TO EXCEED THE SHORT-TCOM WISDOM OF ANY OF 
|T^ PARTS* This pluralism often bewilders visitors from abroad WHO 
ARE ACCUSTOMED TO WORKING IN MORE CONSTRAINED, CENTRALLY PLANNED 

"iETTiNOi^, It is also the Envy of most of those foreign visitors. 
WHO agree that the array of opportunities provided BY this 
pluralistic system is an essential component of this country's 
scientific strength. 

;Jnfortunat£lv, since oppo^'tuni t i es for pursuing fruitful 

SCItNTl^iC !?EScARCH almost ALWAYS EXCEED THE FINANCIAL AND HUMAN 
•RESOURCES ^'AILABLE TO PURSUE THEM. INDIVIDUAL SCIENTISTS AND 
FNGINEtRS. ^>ESEARCH INSTITUTIONS. ^% THE NATION MUST DETERMINE 
WHAT RESEARCH PRIORITIES WILL BEST ENABLE THEM TO REALIZE THEIR 
QBjECTI^ES. ^"E way A GIVEN ENTiT'' DETERMINES ITS PRIORITIES WILL, 
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OF COUPSE. DEPPNO WHAT THOSE OBJECTIVES ARE, WHAT SCIENTIFIC 
OPPORTUNITIES A^^E ENVISIONED. AND WHAT FINANCIAL AND HUMAN 
OESOUPCSS APE LIKELY TO 3E AVAILABLE. In MY VIEW, THE MOST 
IMPORTANT THING TO »EmEMB£R IN DESIGNING AND USING ANY MECHANISM 
FOO P^?IO»ITY SETTING IS THAT IT OUGHT TO PROVIDE THE MAXIMUM 
P0:3I8LE FLEXlBILrv AT ALL LEVELS. TO ENCOURAGE THE TAKING OF 
0IS<: .\n6 the seizing of opportunities, AND TO KEEP OPTIONS OPEN. 

Let me illustrate with an example appropriate to this season, 

W WHE»E success also DEPENDS ON PRIORITY SETTING AND PLANNING 
THAT ENCOURAGE FLEXIBILITY AND INITIATIVE. Tm THINKING OF 
FOOTBALL 'an EXAMf^LE I OWE TO MY COLLEAGUE PROFESSOR 

^a^mono >bach) . suppose some i/^st i tut ! on . a university say. 
Examines its goals and priorities and concludes that it is in its 

JWN and its patron's INTERESTS TO HAVE A FOOTBALL TEAM AND TO PLAY A 
>^^lf> OF LIKE-MINDED OPPONENTS. It HIRES A COACH. WHOSE 
^'^ "P0N>IB1L ! IT IS 70 ATTRACT PLAYERS OF THE HIGHEST POSSIBLE 
INJIVIDUAL AeiLlT'^ AND TO BUILD FROM THEM AN EFFECTIVE TEAK. EaCH 



DPPQNENT. CaN'^IDE^ THE OPPORTUNITIES IT PRESENTS, AND DEVISE A GAME 
PLAN WHICH EXPLOITS HIS TEAM'S STRENGTHS ^AND ITS OPPONENT'S 

wFA'^NE'^'ES. Saturday arrives, and the plan is put into effect. But 

co'j'.t £^£»vthing cannot be anticipated. and the unexpected 
ine/Itabl^ happens. For example, in the huddle the quarterback's 
announced plan is to have a punning back carry the ball through an 

ANTICIPATED '^OLE O'^f TACKLE. WhAT IF A HOLE DEVELOPS IN THE CENTER 
Tne tiNf INSTEAD WHILE THE OFF TACKLE POSITION IS PLUGGED BY A 

_!Nf BAC<E^^ Should the =?unning back follow the original plan and 
ATTEMPT TO o=^i/E Through the blocked position"^ Or should hf seize 

- ,r ')pf,)vf j.^jT/ TO RUN THROUGH THE CENTER INSTEAD^ WiLL nE BE 

^^h^^0^0 following the original plan even though he is stopped 
"x:^ ;^!ll he 3£ punished if he seizes the unexpected opportunity 
an: '^^^<^'> a bus sain^ Should he check with the quarterback or the 

nA'-'i 'I-^'-.r BEf^QPE DECIDING WHAT TO DO'^ If YOU'LL PONDER THESE 

- ^-ri)N. ! THINK t'OU CAN BEGIN TO UNDERSTAND WHY WE AT NSF PLACE A 

PREMIUM ON THE ABILITY TO INNOVATE WITHIN FLEXIBLE GUIDELINES. 
ANP w-^/ Hi r:^y TO DESIST POOM OVERLY RIGID PRIORITY SETTING. 

•^OW ^o wr AT THE NATIONAL SCIENCE ^OUNDATION SET RESEARCH 

po( joific.s'' Because our mission is to support long-term research 

5ATHEP than to ^.UPPQPT RESEARCH AIMED AT MORE SPECIFIC OBJECTIVES, 
:ANN0T t^^.TABllSH PRIORITIES WITH A VIEW TOWARD MAXIMIZING 

.pf:in: fcoNOMir dp social returns on our research investments- / 

J^/^N J^^^jr,H Hi ARE FIOML/ CON/INCED THAT THERE APE SUBSTANTIAL. 

E-ONOMIC AND SOCIAL RETURNS ON THE NaTION'S INVESTMENTS IN 



fitiK DURIN"; THE SEASON THE COACH MUST ANALYZE 
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LONG-TE^M 9ESEAPCH, RaThER, SINCE 0U» PRIMARY MISSION IS TO 

support the best resea*?ch ideas in the most important areas of 
science we adhere to the principle that the scientific amd 
fnglnee^lng communities should be broadly involved in determining 
diphctiohs and priorities for research. 

Our internal .structure reflects this general prfnciple as well 
as the -fact that since nsf is a rederal agency, it must be 
responsive to the external imperatives that drive sc i ence--that is, 
to the fact that research has impopjant societal implications. 
And, in fact, we believe that the mIssion of the Foundation allows 
us vepy clearly to help the Executive Branch, the Administration to 

MEET ITS NATIONAL , GOALS, AND, IN FACT, IT HELPS SHAPE THOSE GOALS 
WITH RESPECT TO THE CONTRIBUTIONS THAT SCIENCE CAN MAKE. As A 

Presidential appointee, the ^ NSF Director is responsible for . 

ASSURING THAT FOUNDATION PRIORITIES ARE CONSISTENT WITH BROAD 
AdmINISToaTION policies. As a scientist OR ENGINEER WHO IS ALSO A 
PEER TO THE HEADS OF OTHER FEDERAL RSD AGENCIES. THE DIRECTOR IS 
ALSO IN A GOOD POSITION TO IDENTIFY AREAS WHERE ^ISF's CONCERNS 
OVERLAP WITH THOSE OF OTHER AGENCIES AND WHERE SOME REASONABLE 
MEASURE OF COORDINATION IN PRIORITY SETTING AND PROGRAMING PLANNING 
COULD BE ADVANTAGEOUS, 

In ADDITION, fISF IS UNIQUE AMONG FEDERAL R&D AGENCIES IN 

having a p»esidentially apf^olnted board the national science 
Board —which shares, with the Director, the authority and respon- 
sibility FOR DETERMINING THE OVERALL POLICIES AND PRIORITIES OF THE 

f^ounoation, incltjdinq its budget priorities, within overall 
Administration guidelines. Since the 2^ - member Mational Science 
Board is also broadly representatives of the science and 

engineering CO'MMUNITICS, it BRJNGS TO ITS TASKS BOTH A FIRST HAND 

knowledge about the most promising areas of scientific opportunity, 
and a sensitivity to the conditions that can best facilitate 
scientific research. 

This extended, cooperative manag'ement structure is also 

=>EFLECTED AT THE PROGRAM lEvEL. ThE FOUNDATION IS ORGANIZED INTO 

Directorates, each comprised of Divisions -which are in turn 
cimprised of delated groups of science or engineering 
suBDi :ciPLiNEs, Each Division is headed by a scientist or engineer 
who is ultlmatelt' responsible. through the directorate, to the nsf 
Dpectqo, Priorities within each division a'^e established by the 
dl/ision in consulrat[')n with an advisory committee of working 
scientists or e^glnee^s ^^^0 are representative of their respective 
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!n SHORT, THE ^'OUNDAriON's INSTITUTIONAL STRUCTURE FOR ESTAB- 
LISHING RESEARCH PRiORITip -- AND THE DETAILED BUDGET AND PROGRAM 
PLANS THAT ARE DERIVED PROM [HOSE PRIORITIES IS INTENDED TO BE ^ 
=>£:P0N3IvE TO THE COLLECTIVE JUDGMENT' OF WORKING SCIENTISTS AND 
^U'jW^i^Z ABOUT WHE^E THE BE3T SCIENCE IS BEING DONE AND IS LIKELY 
TO BE DONE ANO 'rtHERE THE AREA OF GREATEST NEED ARE LIKELY TO BE. 

One INDICATION OF THE SENSITIVITY OF OUR PRIORITY SETTING 
MECHANISMS TO THE COLLECTIVE JUDGMENT Or THE COMMUNITY IS THE FACT 
THAT CHANGES ARE ^^IDENT IN NSF'S PRIORITIES WHEN THEY ARE VIEWED 

A PE^^lOO 3F iE.E^AL YEA^S. 'Q EXAMPLE. A CONSENSUS BEGAN TO 
EMf^Ot fN Th? MIO-n"0s THAT SUBSTANTIAL ADDITIONAL INVESTMENTS IN 
CJMPjTE^ ^'t.EA'^C^^ ^ACILITKS WOULD BE ESSENTIAL IF UNIVERSITIES 
HE'^i TO 'EMAIN IN THE -JREt^RONT OF THIS IMPORTANT RESEARCH FIELD. 
^-*f ~fLD>TEIN =»EPORT. COMPLETED IN 1978. DOOUME.UED THIS NEED IN 
JrrAI.. AND -^FCOMMENDED A PROGRAM TO UPGRADE AND MODERNIZE 
JNW^^MTr 'DMpuTR FACILITIES. Th£ NaT.ONAL SCIENCE BOARD 
ACCEPTED :-<t ^:>;ENCE DF the -ELDSTEIN REPORT BY AUTHORIZING THE 
:i^EC'OP ^XPIOPE. ^ITH m, THE FSTA8L I SHMENT .OF A NEW 

■iNlVt^^SITr ZjO-^OfNAftD O'^/UTE^? ^'ESEAPCH PROG^^AM. ThIS DECISION 
^-•^E JUICED A SHIr--T IN THE P^IOOIflES OF THE DIRECTORATE OF 
'^ArnfMATICAL AND Ph/SICAL SCIENCES. BUT A SHIFT. THAT THE UNIVERSITY 
:0^iSriT'JENTS J^- :hi> OPQUP of P^OGPAMS regarded as ESSENTIAL. pROM 
A BUDuET PE=?'SPECTUE. THESE P=>IORITY CHANGES ARE ONLY EVIDENT FROM 
A PE^'-.PECTlVr 0^ SEVERAL /EA*^S: ONE GRANT UNDER THE COORDINATED 
f'^OG^AM WAS MADF OU»ING IQ80. FOUR ^ERE DURING -Y ^81 AND FIVE 
IN 'iLTI^^ATC^.L/. WE ANTICIPATE MAKING ABOUT TEN MORE GRANTS 

i.jO<^^ P03r,5,^M. ^^c? ; jQT^^ Qp APPROXIMATELY 20. 

'-^^ Dt^:i.p)N AND ''=>nf?iTY setting system has also shown 
'^:el-' n Bf '^•^-lCM/e in identif/ing hioh priority problems that^ 

t-^AN.:ENP Tr' . «!>.i:)N. AND AL ^.0 IN SEE < I NG SOL UT I ONS THAT INVOLVE 

jT'^j^-^ :N:rirjrioN> bfsidf: Consider. fo» example, one of the 

MA,)v ^>'OBl'M. P^FSENfl/ CONFRONTS THE 'J.S. SCIENTIFIC 

".JMV.MT/; Tr^c '-^ITirAL AND S^?O^ING OBSOLESCENCE OF RESEARCH 
A='PA^Ar.: IN O'J^ JNUE^.IT^ .ABO'^ATO^IES. ThE SE^^IOUSNESS OF THIS 

,:'jAr:^N i. no-^ 5ecogn::ed as a p^^oblem not only for the 
"^"'^iv^ :)(- ten :annot conduct adequate =>e search PRn','-?AMS 

)^ ..AN' M A^^OP^IAT- APPA-^ATiJ., BUT Al^O F0» INDUSi^Y AND 
;).f-N'^'\: ,A3)^An^I£S ^►■'OSE )WN ^E^FA'^CH P»OG»AMS ^ELY ON A 
"^^^ ' ' 3W V INN^MMV'^ RESULTS ^=^0M THE UNI VE^S I T 1 ES . 

' ' ' >AN M l\y AWA^^ Thai F^^f 1 B". Oi. f SC E NC E OF ^iSiA^CH 
A^OA^AT,, . ANO !. - A POOBlF^ ^ ' it T I f^G AC »OSS A WIDE »ANGE OF 
Whj-n !^ wA: P'^^SI >TENTL/ [L'STIHED as such by SEVE'^AL OF 
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0'^«? Jl/ISIONAL ADvISCf^Y COMMITTEES WHICH ARE CaMPOSED, AS YOU WILL 
»ECALu. OF WORKING SCIENTISTS AND ENGINERS, WhEN THE NaYIONAL 

3ciENC€ Board examined the dimensions of the problem it agreed that 

>JPPOOT Of EQUIPMENT acquisition THROUGH NSr'S NORMAL GRANT AWARDS 
^^OCE^^ DUoH^ ^0 BE ASSIGNED A HIGH PRIORITY, -BUT THE BOARD ALSO 
AGREED That rH£ I'^PL ICATIONS of the PROBLEM TRANSCENDED NSF'S 
INTERESTS, AND' THAT THE"^EFO^E NSF ALONE COULD NOT F.INO'A SOLUTION. 

Because ^ISF emjoy's good working relations ^ with other Federal 
aoencies. ^^e have been able to convene, with the encouragement of 
:he President's Science Adviser, an interagency task group to seek 

A COORDINATED f^EDE = AL RESPONSE. At THE SUGGESTIo'n OF OS^P, NSF 
P»ErA»ED A DRAFT ANAUSIS OF THE PROBLEM FOR INCORPORATION INTO THE 

P^t:iDCNT'. Ann'jai SciENcr and Technology Report to the Congress, 
: 98[ AND thus, helped to identify the obsolescence research appara- 
tus AS A PROBLEM OF NATION CONCERN. FINALLY. BECAUSE OF ^JSF'S MANY 

"-Dntact, iN rnr p»i/ate sector, we have been able to involve Indus- 

TOf IN ^^E SEARCH CQR INNOVATIVE SOLUTIONS. 

1 hA/c not DE'->C»IB£D the equipment OBSOLESCENCE PROBLEM TO TRY 
TO CONVINCE OU THAT THE PROBLEM IS, IN FACT, CRITICAL, RaTHSR. I 
HAVE USED IT TO ILLUSTRATE HOW NSF'S STRUCTURE AND FUNCTIONS IDEN- 
TIFIED AND DELINEATED A PRIORITY ISSUE OF SIGNIFICANCE BOTH TO NSF 
AND OTH^^^;, AND HOW, BECAUSE OF OUR STRUCTURE AND FUNCTIONS, WE 
mAVE been -able to bring other parties into the SEARCH FOR SOLU- 
TIONS, 1 COULD JOST AS EASILY HAVE ChOSEN OTHER EXAMPLES SUCH AS 
THE SHORTAGE OF ENGINEERING SCHOOL FACULTY OR THE DETERIORATING 
CONDITION 0^ Pt^ECOLLEGE MATHEMATICS AND SCIENCE EDUCATION TO ILLUS- 
TRATE SOME OF THE MORE GENERAL REMARKS I MADE EARLIER IN MY'T^STI- 
MON<, The central THP'JST OF THOSE REMARKS, AND THE THOUGHT I WANT 
TO LEAVE fOU ^ITH, IS THAT SINCE THE BEST SCIENCE IS DONE BY THE 
3£-,T SCIENTIST:. THE BEST SCIENTIST ALSO NEED TO HAVE A STRONG 
Old IN ANY /iO^KABlE PLANNING AND PRIORITY SETTING PROCESS, 

'''.L HAPPY TO T^Y TO ANSWE^ ANY QUESTIONS YOU MAf HAVE. 

Mr BiiowN. Thank you, Dr. Langenberg. 

Tht* three of jou have given us an excellent background in proc- 
ess(*h for |>nontv netting. In your various agencies you represent a 
vetv Uuge' majontv of the F'ederal involvement in support of sci- 
ence, and we appreciate your statements very much 

I will call on Mr Gore' first for any questions. 

Mr (]()KK Thank you very much, Mr. Chairman. 

I ^vould hke to apc»lugi/e to the witnesses for being a bit late at 
the beginning atul al^o "for the fact that I am going to have to tes- 
tily before the Rules ('ommittee and I have an amendment on the 
floor This hat, turned out to be the last week of the session It 
wasn't scheduled to be that, but a^ a result, a lot of things are run- 



55 

nmg into each other on- the way to the floor and it is going to be a 
busy time for us, and so I apologize for the fact that I will not be 
able to be here for the entire session. 

I thought the three statements were excellent, and I noticed, Dr. 
Martin, the aplomb with which you delivered your statement. The 
l<ist time you were here, if I am not mistaken, it was the first time 
you had ever testified. That seems like 15 or 20 years ago. 

Dr. Martin. To you. 

Mr, Gore, Such a smooth delivery. I appreciated the statements 
very much. I am sorry that 0MB decided that it couldn't come, be- 
cause it is reall> making a lot of the important decisions and the 
betting of priorities on research and development depends in a 
large part on what 0MB does, and they just decided at the last 
minute that the> didn't want to talk about this because there were 
other things going on, or whatever. 

We found out about it late last night. I think some of their ap- 
proaches are unfortunate. The statement that we can't any longer 
abpire lo be the leader in these fields is really kind of depressing to 
nie» and I thmk sumeihing that ought to be challenged in tHe scien- 
tific uommuiuty, and I hope will be challenged here in the Con- 
gress. 

Let me ask a slightly different question and invite the th^'ee of 
>ou to rtvspond briefiy, if you would. Are there cases in which the 
Federal Government should finance applied or development re- 
search with commercial applications? How do you look at a ques- 
tion like that? Whoever wants to go first. 

Dr. WvNtiAARDKN. I bcHeve the answer to that is yes; there are 
many examples that would illustrate this. For example, during the 
pcist 15 to 20. years, something on the order of 1,000 patents have 
been obt<nned on NIH supported work and 49 percent of those have 
actuall> been licensed, thus, a very heavy emphasis in biomedical 
science is on developing products, procedures, and instruments that 
will advance health care. 

The commerciali/atio^i of those developments is something to 
which we pay particular attention. In fact, we have a division 
uUhm the Director's office called the Office for Medical Applica- 
tiunb of Research which has that as a major responsibility— to 
make certain that the lag between discovery and application is 
nnnimi/ed and that those developments are brought to the atten- 
tion of the pu&lic as rapidl> as possible. We have also some exten- 
hue patent arrangements with universities— that you are acquaint- 
ed with. I know—that give them the first right to develop and li- 
cence the patent and the Government marketing rights if they fail 
to do so, 

Dr Martin. I think as NSF had ihdicated, it is not a simple sep- 
ai<ition oi church and State and that the economic health of 'the 
country is a factor in the security of the country ds well. 

I think that we are alsO seeing in other nations a coupling of 
their effortis betw«?en government and industry and defense and in- 
duhtrv We may take heed because this coupling is very effective in 
t'xpeciiting the\ranhitiun of the 0.1 basic research concepts into re- 
alization 

F^or us in defence, our strateg> has as its cornerstone high tech- 
aulugv and we have to acknowledge that the world climate today is 
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otu' in which ihviv hoih an intellectual capability and an indus- 
trial babo exKstiiiK' With uur ad\ersaiieb to compete with us and to 
take our research results and put them into real systems very, very 
expeditiously. We can't sit back and wait for the process to take 
place as it did 10 years ago. 

So I think a fostering of that would be beneficial to the defense 
mission. 

Dr Langenfjefk; The Foundation s mission encompasses support 
of research hut not of development. However, within that mission, 
NF'S has taken a number of steps to assure that the research 
knowledge gained from the research that NSF supports finds its 
wa> to such applications and such development operations as may 
be justified. 

Vol example, NSF's industry-university cooperative research pro- 
gram supports research performed is cooperatively by researchers 
in industry and in universities. The idea is that the industry is the 
appropriate mechanism to carry forward any new knowledge 
gained from that research through the development process to a 
commercial product. 

NSF beg an in 1!)77 a ^mall business innovation research pro- 
gram There again, the foundation supports research in small busi- 
nesses, not development, but research with the clear intent that if 
successful, it may lead to commercial developments. 

VVithin the past several years, NSF purposely as a matter of 
pulicv hab eliminated an> specific references to basic or applied re- 
search within the Foundation's programs. Any serious examination 
of how babic research nia> be distinguished from applied research 
leads into a cfu^iigmire, it is difficult to do in a w^ay that is truly 
functional Therefore, we have concluded that we should not do it. 
NSF will support research, it will concentrate on excellence, and 
the balance between basic and applied research will be determined 
primal ilv b> the d>nainics of the engineering and scientific disci- 
plines 

Mr G ORK I note that there seems to be an abundance of com- 
monsen.^e in the testiinonv of the witnesses and express regret that 
that cummunsense isn't reflected always at OMB and actually at 
the White House there have been some statements about a sharp 
dividing line and an>thing that might possibly dissuade our quint- 
e.^sential h>pothetical vntrepVeneur from getting involved in a re- 
search area, certainlv the Government i^hould bend over back- 
ground not to even get involv6d. 

That is what the White HousO seems to be sa>ing, but it is an 
unrealistic position because in most cases the net result is that it 
won't get done at all and ue are facing a challenge in the world 
where have to do more U' search and we have to recognize that 
the matching ui' the ntitioniil econom> with the accelertaixig scien- 
tific revolution meaas that national advantages in a variety of 
fields will come from better research and more research, and if we 
dun t do it, rte iire noi helping ourselves at all. We are hurting our- 
selv(»s 

Mr ViiUik I feel I have got to gu to the Rule.s Committee. Before I 
d(J. Ah' Chairman. I v ould like to issue a special welcome to my 
felliAv Tennessiaii, Di Alv in Weinberg, who is as well thought of in 
Tennessee as he is in the rest of the country with it's national 
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reputation in thih and related fields. We are glad to have you with 
us. 

Mr Brown, I always thought Dr. Weinberg was a Californian 
who was temporarily 

' Mr. GoKE. No, he likes it there and ^^ have him. 

Mr. Brown .,^r. Skeen,, would you Ifke to have a few questions 
or introductory refnarks in defense of 0MB? 

Mr. Skekn. That is a wonderful opportunity you have left me! 

It has been alleged that cutbacks in federal funding fop civilian 
science will allow unl> the most prestigious and elite universities in 
the Nation to continue to do research and such a tren(^^<vvpuld be 
contrary to the cl .ressionally enunciated policy thatfomls should 
be fairly distributed. 

Which areas would suffer the most in the cutbacks of civilian 
funding to universities and what can be done to make sure that the 
science resources are distributed equitably throughout the Nation? 

Dr Langenberg. I am not entirely sure that the assumption 
that 'there are cutbacks in the funding of civilian science is sup- 
portable in fact. This administration has supported research 
strungl> That does not mean that the budget for research and de- 
velopment. like the budget of 'the .Federal Government, is not 
undt?r considerable strain. It. is. 

But 1 really do not expect to see any#major change in the distri- 
bution of federall> supported research among areas of the country 
except huch changes as rna> occur from the rise^nd fall of scientif- 
ic capability in indisidual institutions and. among individual re- 
searchers. 

Mr Skeen I think that is an interesting response, Doctor, be- 
cause the perception is, and anriong the members of the panel, that 
there is a cutback. I am talking about the congressional side, be- 
cause that is the basis from which we launqh almost every argu- 
ment that we ha\e about reducing our commitments to the scientif- 
ic community and sa^orth, that it is a cutback. 

I also appreciate the qualit> of your response because I think it 
gets to the heart of what the real problem is and what we are 
really trying to do. 

Would any other panel members like to contribute? 

Dr. Martin Your question was addressed to civilian science and 
therefore the Department of Defense chooses not to respond. 
^ Mr Skeen As you know, we have Los Alamos and Sandia Labs 
in New Mexico and there is an article this morning about the di^l- 
cultv Los Alamos is having trying to convert itself to civilian scien- 
tific 'nterests I just scanned the article before I came here, and I 
think that is another misconception. 

Los Alamos, and most of the national laboratories have been in- 
not only in DOD projects but also have a strong commit- 
ment to cisilian projects and those scientific efforts that have civil- 
ian application. It is important that we highlight that. 
^ Dr Martin. There can be little doubt that there is tremendous 

ciNihan fallout to repeat ch that has been done in the DOD. Inte- 
grated circuits are a fine example. 

Mr. Skeen. Absolutely. 

Dr Wyngaarden. I agree with Dr. Langenberg. The NIH pro- 
gram is a broad one, distributed throughout the country. We sup- 
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port over 1^,01)0 prujrt ts altugother- 1 principal investigators 
Ibund in over 12()i) institutions, of which over (500 are considered 
rebearch-mtenbive inbtitutioiib. These involve every State and every 
corner of the union, bO I don't think there has been any cutback in 
the sense of geographical distribution. 

Mr. Skkkn This will be the final question: In a recently pub- 
lished article. Dr, Keyworth baid, among other things, that the 
Government had ver> little role in developing commerciall> viable 
technology Dr. Martin, do you think that the aerospace companies 
that build our military aircraft and other weapon systems would 
agree with that asycbsmelit, and isn't the research that underpins 
the development of hardware in large measure supported by Feder- 
al funding? • , r 

I)r Martin I would rather you asked NASA that. Certainly if 
we look at the contract dollars that are Met, approximately 3 per- 
cent of the contract dollars that are let to industry are available to 
indubtr> to do internal research and development. So I think we 
<ire being very supportive of industry, and we believe in the case of 
the Department of Defense that that is going to have some military • 
application We reali/.e that it is a seed that is placed in very fer- 
tile ground and it may have commercial implications. 

Our niihsion us defense and certainly we want to see the dollars 
invested applv to that purpose. We fully recognize that there will 
be other benefits, and as I mentioned earlier, the economic health 
of the country is also beneficial to the Department of Defense, 

As far as the aircraft, industry is concerned, I.don*t think anyone 
can den> that a ^oud percent of that, in the past, has been funded 
in part by government agencies. I think that if you would partici- 
pate in some of the National Academy of Science committees that 
have been takfn^ place over recent months, you would find that 
the pullback in that direction is of great concern to the industry. 
The> feel th<it the underpinnin^'s of their past successes are falling 
<ipart «»nd that the future in both general aviation and in military 
aviation can be quite dreary for U.S. industry. 

Again, back to your earlier statement; is there a need for 
interdependence. Personally, and for the Department, I believe 
that there is. 

Mr. SKKKiV Thank you very much. Dr. Martin. 

Mr Bkown. Dr.. Langenberg. you in your statement gave some 
interesting examples of the long term priority setting process in 
NSK Focusing on examples like the growing awareness of the need 
tui improved msti umeiitat ion in universities and the importance of 
I gue.^s c\ sublet of'that i)robleni. a need for better computing capa- 

The (|uestion that 1 would have is whether or not this shift has— 
this recognition has actuallv been adequately implemented in 
lernis ol the o\ei<ill governmental response to that need. In other 
words, vou have i perception of a high priority need. 

Obviously, had some trouble in funding that in the NSr 
budget You have indicated where you have tried to get the entire 
Federal htruttuie to lecogni/e and act on it Do you think the prob- 
lem has been adei|uatel> addressed in the responses that have been 
made to date, including \\hat each of .the agencies represented here 
said'^ 
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* Dr LANi;KNnKK(; I think we are just beginning to address that 

problem. It took u.s a lun^ time to create it, and I think it will take 
quite a while tu dig ourbelvub out of the hole that we have made for 
ourselves. 

There are a number of things that we think need to be done to 
help get ourselves out of that hole» and only one of them is a direct 
budgetar> response b> the Federal Government through its R&D 
funding agencies to provide funding for instrumentation. 

With discussion »ind debate in the interagency working^group, all 
of the agencies have begun to look at other ways of dealing with 
the problem. Let me mention a few. 

We need better -information about the status of scientific re- 
search instrumentation in the universities. You are familiar, Mr. 
Brown, with the National Science Board report on indicators of the 
. ijtcitUfe of science and technolog> in this countr> in comparison with 
natiun.s abroad. We dun't have a good indication, and we have em- 
, barked on a project to see if w^* can develop one and use it in a 
, continuing way so that we can tell what is happening. 

Clt'arl>. the universities themselves have a large stake in the sor 
lution to thrs'*problemi and we believe that there are steps that 
, the> can take tu help solve it. For example, the tradition in univer- 
sit> research is that the way to fund significant capital invest- 
ments anil equipment i.s to go to an outside source— perhaps a pri- 
vate ilonur, peihap.s the Federal Government— get what amounts to 
a check, and attach a purchase order. 

Man> people vvhu finance research and development and capital 
acquifeitiuns in indui>tr> are horrified by that procedure. No indus- 
trv management in its right mind would conceive of doing some- 
thing like that Rather it would boi row, it would lease, it would do 
other thing.s. 

It .seenxs tu u.-> that the universities perhaps need to think more 
crotitivelv and innuvativel> about how to fund, in the long term, 
,-.iUmficant capital invebtment^ in research administration as they 
now creativeiv finance new classroom buildings and new dormi- 
tories 

We aLso think there i& a lot of room for improvement in the way 
the private i>ectoi re.^pundss tu thii> problem. I mentioned that NSF 
ha^ hiid Mmu' luck in invulving the private sector in working with 
the Foundiition For example, a recently completed set of grants 
c^uppuit.s re.seaichiM^ who will develop software for the teaching of 
mathematics, science ai\d engineering. That program did not in- 
volve. pru\ isiun^ of funds for an> of the computer equipment that 
w oil Id be reijuued tu implement that suftware. Those funds came 
from the private ,.sectur bv donation to NSF's grantees. And the 
luhdinK^ wa.s coordinated with the Foundation. 

Theie are .significant incentives fur dunations and for support of 
univer.sitv research in the Economic Recovery Tax Act of 1981. Wq 
think more needxs tu be done tu encourage industr> and universities 
f to iiuiki* UM' of tho.si* incentives. The awarene.ss of the benefits of 

thi'ii u>e Is onlv now becoming apparent to the universities and to 
industry 

The impression I am tiving to create ib that there are many as- 
pects to thl^ problem, but onlv one of them, an important one, is 
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direct (undinu tu .soUc ihv university research instrumentation 
problem. . . 

Mr. BuowN Ur Langenber^, I hope you will continue with your 
effortb to develop suitable indexes of status of funding As you have 
described the growth of the problem, it seemed to gradually seep 
into the cunsciausnt'ss of the policy community as a result of intan- 
gibles 1 guess you might say and was recognized and action was 
taken, but I think we need a more systematic process for addit s- 

ihg major problems. ^ j , r^i-ir^ 

As long as we are on that. Dr. iMartin, you described the DUD 
program. As 1 recall, vou indicated that there is a o-year program 
calling for the development of $80 million per year? 

Dr. Mahtin. Correct. . i . j 

Mr. Brown. And 1 vvant to ask you, what is the health ana 
btatiKs of that program? Are you running into any roadblocks 
either in the executive ur the Congress with regard to continuing 
the funding of that program? 

Dr. Maiitin. I am going to call on Leo Young, who is one ot my 
director?, and who has been directly in charge of that program. 

l)i Yoi Nc; We have been receiving accolades for the program- 
from both the Senate and the House. 

Mr Brown. It is not accoliides you need, you need money. 

Dr' Yoi-Nc;. I am coming to that. The problem is that we had an- 
ticipated lirowth in the ba^ic research program over and above the 
instrumentation program, and unfortunately some committees in 
(ungress have been looking at the'buttum line only, and so having' 
started the instrumentation program, and we are proud of it, the 
situation now is that it may result in a reduced effort in the re- 
.search itself, and this concerns us very much. It is money we need, 
not accolades. * \ . . 

Mr. Brown. You mean that the appropriate committees are 
taking money out of the research itself in order to continue the in- 
struiuentation program? 

Dr YouN(;. No. We have what we call program elements, the^ 
total program element is what is visible. The instrumentation we 
intend to maintain regardless of what happens, but the instmmen- 
tation does not pa\ for research as such, and so wht<n you all^v for 
inllation in the instrumentation program, what is ^ft may v^ll be 
less than the research effort we had last year. ^>ff-^ y; ^ 

Ml Brown I have a larger problem that I woukpike t^-nddre^^ 
to vou m connection with the overall problems of\^eiimlc prior- 
ities We have a situation Nshere we are faced with nTtttofial compe- 
tition, or competition between whole societies, not only in the mili- 
tarv but in the .supporting scientific and technological base. Some 
ol these societies seem to have invented devices which for example 
duuinel a iiuich larger proportion of their society into scientific, 
engtneeiing. and technological work The Japanese are an exaniple 
that us freqaentlv cited, the large number of engineers compared to 
lawvers. for example 

Suppo.se it get> do\Mi to the point where any reasonable analyst 
\M)uld hold that the piogiess that each of these societies makes is 
reallv a ianction ol hou much mlelligent manpower they devote to 
it. and \se are lagging m that race Where in the priority-setting 
process do vse reiogm/e thi.s and try to do something about it? You 
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havf faced that m health Wt* have a svstem \vhich obviously has 
provided U5 with thf iai^;e.st number uf trained Jiealth personnel in 
the world* probably* on a per capita basis. 

Dr. Wyngaardkn. It is a very real problem in the health field 
jubt now because the interest of >oung people, particularl> medical 
Iv trained pe4)ple, m biomedical research has sagged in the past 10 
or 1") >ears. There hab been some recovery in the last few years, 
but we are facing a growing shortage of trained scientists who have 
a medical background. Fortunatel>» the supply of scientists with 
Ph. D. training has held up very well. 

One of the respoobes on the part of NIH has been to increase the 
incentives for medically trained manpower in thib field. Another 
ha.s been the polic> of stabilization* because a good deal of the at 
traction foi medically trained people to biomedical science depends 
on the btabilitv of the b>btem. If they bense that there is opportuni- 
tv for new le.search grant.s fu! the >oung people coming in, and 
that there i.s a rea.soncible oppurtunil> for continued funding, then 
thus field remains attractive to them 

For that reason we have put prim^ir} emphasis on the investiga- 
tor initialed re.search i^rant as a chief vehicle for research, and 
ha\e made cut.s in other program ai*eas in order to maintain the 
number t^f >uch giants at as high a level as we can. The President b 
budget fur fiscal vear U)S:> would allow us to fund 4,100 such new 
.siart.s Will n the ectmum> improves, we hope that we can get closer 
tt^ the lange t^f ."i.OOO, ahich is sort of an average of the last several 
vt'tir.s, and ^vhich has a.s.sumed .some .significance as a target figure, 
VVt' belies e that thi.s ls .still a valid figure for the future and that 
at* are conang as cli^.se a.s \\c can at pre.senl. But the effort to stabi- 
lize nea and competing iU\ard.s v\ ithm our vanoub meuhanisms has 
in tuin carried that message to the >"<Jung scientist and has had 
M^me effect both in reducing the dow award slide of interest and in 
.seeirlg it return iner the last 2 or .'i vears to a modest extent. 

Mr Bhdw.n Is not voar ba.sic problem though in getting medical- 
Is tiained re.searihers the fact that >oli cannot be competitive with 
the remuneration offered in private practice? 

Dr VVvN(,AAiU)KN. That is one of the problems. There are many 
otht'j.^ I think theie remains a good percentage of highlv motivat- 
ed people ahi^ are fascinated bv the creative opportunities of re- 
-.earch and are not,' asking fur the same income as they might 
a».hieM* III practice 1 think what thev need, however, is a reason- 
able (issurance That the system is stable 

Mr Hkcuv.n Well, that is only a part of the problem that I am 
trvmg U) iai.se here Dr Langenberg, ue ha\e discussed this before, 
but if m> assumf^tion— and I am just offering it as a hypothesis — 
that ulliniatel> the health, and conipetitiN eness of our society de- 
pend^^ ii|n>n-the degree iu fthich we attr*act scientific and technical 
nKin(Hn\i*r mti^ careers, and ue arv suffering in that regard, does 
this ctniie into \our calculus as a prrorit> within science at some 
[)oint. or diH's It riot'^ .\nd to be specific* if it 4*equir*es. for example, 
the erihauLement of scientific education in the elementary and 
hiuh •>vho(jls or irnprou^nient of teacher training or other things of 
that sor*t. how do we r'(>c()gnize thi.s'^ 

Dr LA.\'(iKNnKK(, As vou know, Mr. Br-own, this set of questions 
har» ci verv high piioiitv ^vith the National Science Foundation and 
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NMth tilt* Niitiotiiil Sut»nu' BiJitrd I kiiuw uf tuj other set of ques- 
tiiHi.^that tlu' KoiiiuLitiun ^t*ilT*iiui the members uf the Board have 
^pent .su muth time (Jii mi the Ia.*^t cuuple of \oars. Let me make 
several coninients. 

ViV^U I believe that ri^'ht nuv%, iii mubt fleldb of science in which 
the Ntitioritd Science Foundation supports, research, \%e are more 
Mitini \-linnted thitn \%e tire people limited The evidence exists 
anmni; the JT.OOO propi^sal.s NSF receives every year, more than 
htiif ul tho^e prupo.^tiLs NSK i.s unable to fund, and NSF simply has 
to dedine many excellent propi^sals from many first-rate scientists. 

The .sttitetnent thitt we ttte more money-limited than people-lim- 
ited rnav not be true m all fields There are serious reasons for con- 
».t»rn now ttbout utiiver.^itv research capabilities in certain flglds 
-.ut h a.^ en^'ineerin^ disciplines and computer sciences and certain- 
Iv 4i Iw^v p*irl uf the re*iMjn is the strong competition with de- 
tlitiiui.N uf till' [^riv*ite M'ttui \\)V people with skills in these areas — 
.skill> that tlie private .sector i.s willing to acquire af prices, or if 
vou like. ^alaIle^ .sub.stantiallv higher than uni\ersities are able to 
offer 

In thi" long run. I think you are absolutely correct that the most 
intual tL-^peU to the Foundtition foi the scientific and technological 
future i.> ^ertiiuilv the people who are going to create that future. 
Of ^.uur-^e, tht'te tire .-.eriou.s reasons for concern. It is becoming in- 
».ieti.'>inj;lv evident tu mi^re and more of the population that there 
iirt* st»i iuUN defiiii'nLie.s in .scientific, technological, and mathemat- 
Kci! education tit till le\el.s, but most particularly at the precollege 
levt'!> If I n-mi'mhi^r correctiv, tibout half of all the high school 
nititlieinatics teacher.s m this country are formally unqualified to 
tftich whtit thev are teaching, and the situation is getting worse. 

.\> >mi know,'the National Science Board has formed the N^tion- 
td Stieiut' IWard (ommi.s.MiHi un Precollege Education in Math- 
♦ •nuitu.s, Sueiui', and Technologv. The Commission i.s trying to pro- 
vide Mime letidei'ship, trving to provide a national agenda, an 
tutitjn pltin thiou^h which we all can address this problem. It is 
ti.-^suiedlv not solid v ti problem for the I'ederal Government. The 
t'lhuatioii ^v>tem of thi.s country i.s an enterprise which runs at a 
\v\i>\ ol hetwi'en S1">1J billion tind .^200 billion a >ear, and the Feder- 
td (loMTnnient has never ctintiihuted more thtin a small part of 
that total investment 

Lt>okinK perhtifis ti little ftirther tihead, one can see the demo- 
fc;itiphK pioblerii^ that htivt» for the universities .sources of con 
u»rn lot the >uentifk tind technological enterprises. Therx* will be 
It'WtT young peoplf thiough the remainder of the l!)S{)'s and the 
r.KMi's' than we hti\e been accustomed to, and therefore fewer 
\ouiiK ^cienti.>ts tind engineers, at a time when we are going to 
Mt'tMj ,dl tilt' ^uentific <md t ngmeering know-how that we can ac- 
quire 

Fuitunatelv. theie i.> une Lirge pos.sibilitv for .solving that person- 
puwiM pjol)U,Mn It is a fact that we. have been undere?eploiting 
rihout tvvothinl^ of the potential pool of vuung people as possible 
Miiuie-. 1*1 t«*nii>!fos\\ seienti.st.s and engineers That two-thirds 
h*ippeii to Ih» women <md oi minoiities. Thev represent an opportu- 
mtv to! til leti.>t ptiit of ti Wtiv out of the demographic dilemma. Rut 
theie at'<4uu evi'i vthinu defjeiid.s upon earlv schooling If the system 



pru\uli*s nuulin|U,il*' (uKKtilu*n m mtithenuilic^ and in science, if for 
Nvhcite\i»r riMMiti »l <liscuur<i^i's <in\ part of the population from ac- 
quiring that criKicil start in thi' lan^ua^e of science and mathemat- 
ics, then 'Mj^nificant dam<i^e ma> resiih It ib a large and complex 
prubletn. one which ^erluubl\ concern> the N*itional Science F'oun- 
dation 

Mr Bhown 1 appreciate the Vespon.^^e I am not trying by the 
Hue^tion lu lead to thi* assumption lh<il there is a Federal solution 
to pnjblenis u( that magnitude I think we are no longer that naive 
But we are talking here this morning about priorities, and there 
has to be Mime wav ol having generated a concept of priorities that 
}tnul\e the whole Nation As >ou are aware to some degree the 
pniblem o( instrumentation was an example of this, but we are 
talkitiM about e\i*ri broader problems here when we talk about edu 
t<aitjn or perha[)h the ^up[)l> of medicall> trained r'eseaixhers or 
the balariu' beiai»en ci\ilian scientist.s and mililar'v-oriented scien 
ti.-^t.s Suniesvhere belore it becomes a crisis, pioblems developing in 
thest* ar'eas ha\e to be identified, and the attention of the Nation 
tin Used on lhi*m. so that at f-ach level, whether the local school sys 
terns or vvhale\er. pro[)er atcenlion can be given to them. 

I ctjuld purj>ui- ihi*. interesting discussion at much greater length, 
hut bctaUM' we have a number of other witnesses. I am going to 
retiam Tluink \ou fur vuur exceUenl contribution this morning. If 
v\e want to haiigi'i vou (urther. we will submit some questions in 
vvnting cind ln)pe that vtju will respond to them. Thank you very 
much 

.Mr Cnim. Our next panel con.sists of Dr. Weinberg, dir'ector of 
the In'^tltuli» for Knergv Analvsis at Oak Ridge Associated Uruver- 
'^ltles. l)r Siriioit Hulieribi*rg. prolessur of economics at the Univer- 
Mt> o( Ma^.'^cuhu^elts. and I)r Richard J, Hill, who is provost and 
[iieMdeni lor auidi^mic adairs at the Univere.sily of Or'egon. 

.Mr Bkown (u'rillenien. wr are pleased that vou are here. I pre- 
-^unie that vou cUi' in fhr i las> that vse can describe as the elder 
-^tatr^nu'ii ol soerur, ur is that jUst \ou. l)r Weinber'g? At least the 
M*er> ol the I ulure 

1 am ^lad that vuu wi*ri* al! here to listen to the testimony of the 
wiinew.^ lepreM'ntmg ihr \arious Federal agencies, and perhaps 
that can assist >uu in dnectum M»me ol vour owji comments on this 
'^ul>^eit 

A^ tlu» (hairinan indicated earlier, the full text of eacK^>^ >our 
MattMiienl^ will he m.^erted in ihi* rt'cord and vou rnav [)r'eseiltsilin 
^uch tashion as is mo>l con\erni»rU lor vou. and wt» will start in the 
order that I called \ou. Di \\Vjnberg» and vou may pi'oceed 
bHiK'raphicai ski'tch of Or \Veinbei*g follows | 

1)k \! M\ \1 WmM»H{I. 

\1 . 1- .iifiHtor ol tin In-tiiutf Un K!u*r^r\ .VrnU^s, ulikh ht* 

W. ifiht f^ I jfM .i Tfi.* <>»k Hidii^' N.iiim.il I alH»ral*>r\ 'OR.Mj in I'M'* aMmt* o! Uh* 
I M.fithtf^ <»l ihi* t niv»r^»t\ <»! Chu.iu**^ v\.irti»u' ^l^•t.lUul^^lu^* l.<ib(»ratt>r\ Hf 
Mfv.i IS l))f».t.»f ..I Ol.- PhN^K^ |)iM>»oi) I'MT I'tht, .Ls RoMMU'h !)ir(\tor <PM*^ 

• nul l^ifivti'f ! I . In I'^t Im v\.»n n»rt\tor o\ Ou'OllKt'o} Ki\tM^j\ 

II» v\ !h»' •♦ruun itt»» u( thi' (»t» ssnn/t <i^a.itt*i tt>r .itui |»ru(H«>t(l it^ ii^i' tor 
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\^ .) ^vrjtM .»ii<i l«<riit«r in\ mjiiki' Wi iiilu rn luis tontnhuti'd to ihv for- 

im*m III* has vuiititiUMl to ,»ith lilali* \Uv is^ui's a^siKititrtl sMth'tru*r^> |)oli*.> .md 
v^ith thr n'Kitu)ti tH't\\rrti liai>luu\ <itul ^o*.U't\. aivi hv lia^ ^Aritti-n and li'<.tan»d 
i'Xti'ii^i\el\, m iht' I UiWii Mtiti": and abiuad. on ol Uu dilfuult prublims 

ul puoiiL |M)1kv |M)si'd b> U\v ^{;ro\Mh oi nuidern hh'Iui' He aUo vvri!tt*ri on thi* critf 
na lor MH-ntitu ^hvJiu' that is. ihv i.nti'n*i [or ilfCidirm s^hwh UM> ot .scienci* dv 
MTM- th<* tn<»M publu sup{>orl in a sjlviaU^>»» wlu're [>ublK .sUpiK^rl i> Iinutrd 

U.inb<r^ riHi'iMd liiv SB SM Mid V\\ I) in ph>sjcs at Uu* l'mM*r^it> o( 
Chuak'o * J 

h«*t hi^ toll' in ihi' il»*\t Upnu 111 4)1 ou^ Ir.u u a^tor^, \V{'uibt*rK ^liart*d thf Atumb 
till I'r.ui* A\vaid in anil vs.is t^ni' oi tho (ir^t HM.ipu*nt,s ol tin* K 0 La^^rena* 
Menioruil A^^.ird In I'M,!, be rru'i\t*d l\iv Vjfi\\vr>i{^ o( C'hiuigo Alaaini Medai. m 
I'd hi* ri'U'iM'd ihv Anuruan Nuclra: StK»*tv ( lu*rnn.k Meinoritd A\\ard. and m 
l'»T'. hi* \\as a\^ardi'<i tlu Ur^t ni inM<.h Wvr*/ Vtuv on ihi imuiwrhixry oi the 

I ni\<'rsa> ut K.irUruhi' lit* \\n> \hv rt*<.ipu*nt ol thi* Ni*w York Acadt*m\ of Sci- 
» fi. <*s \\varii lo» rr*. tht' Krrnu A\\ard ui ihv Dcpartmynt ol Kni*n:\ \i\ lOSl. and 
{\iu M.irM-^ IVi/i* .>( Uio h^liruon. Urail In>ntuti: ol TiJinolo^> m r,»S2 Weinberg 
i-s .1 uu inbi i ol tbi' National A^adrrn\ ol Suen* i'^, thi* ArnerKan A*.odrrn\ ol Arts 
an<i Nirno's \hv National \^adrrn\ ol lai^mrir in^. anii tlu* Hinal Ni*thi*rland.s 
\i*a<li'ni> <)\ Arts ,tnd Si irnu-s 

STATK.MKNTS OF ALMN M. NVKINMKIU;. DIKECTOU. iNSTI- 
Tl TK FOU KNKia;^ STl DIKS, OAK KIDCK ASSOCIATKI) rMVEK- 
SITIHS. OAK KII)(;K, TKNN. 

I)r VVkinbkhc Thank you very much, Mr Chairman. 

I atn pl(MM*ii ami natt\'red tu ha\t' this opportunity to g'ive my 
virws on pnoritJOh m hcionce. 

I >huuld niaki* cU-ai that although I piirticlpated in ihv debate in 
the IIMIO Jl) vi-ars ago, I ha\e been mostlv an interested spectator 
in rt*tent \ea^^ I will tr\ tu gi\e sopie historical perspective and 
perhaps a few remark.^ on what I percei\e to be the present situa- 
tion 

The paper by Bi uce Smith, which was distributed to the commit- 
tei*, gtive a vrrv good statement of whi»re the debate on allocation 
Uii suence f^luod m the mid- ll)(>()'^. and 1 guess I have a feeling of 
deja vu. 

Thi' ix-^ui'^ that trouble science policvmaker^ toda> and the Con- 
Uiv>> How much should be allocated to science in comparison to 
uthi*r iKtiMtieh ol Cujvfrnment*^ How should resources allocated to 
.science be di\ided among different scientific Helds? These questions 
rt'maiii much the same as those debated 20 years ago. 

This gi\es Us a sense of huniilitN that we can't expect to get re- 
vialrd wiMiom on the i.s-^ue u( priorities ni science. Kach generation 
v\ill addles^ esseiiliallv the Siime ijuestions. but always with a con- 
Ci*rn lui practical exigencies of the time. Today those are basicall} 
the ^lIl>ng I eduction in nondefense elements in the Federal budget 
.md an (»\en stronger nicrease in the defense budget- 

I hei tinu* unohed in the debate on priorities when I was a 
nietitluM ol thi* Pre.^^ident^ Science Advisory Committee from I'DoD 
tl) UMilj At thtit time ^he central question of science policy was 
whether or not the Cnited States should go tu the Moon. President 
KiMiihovM r had decided agiiiri>t sending a man to the Moon, hut 
that deiiMon v\a> re\erM-(i In President Kenned\ This decision 
[)ri)Ught into strong locu.s the whole conceptual underpinning for 
making choices in science At the same time, Pr-of Kd Shils, a dis- 
tinguished sociologist at the rni\ersitN ol Chicago, lounded the 



louinal Miru-r\a oru- ol it> purposes was to provide a forum for 
the saiolailv (Mhiii^ how to set priorities in science. 

'Ihe first 'article ol \Minerva." issued in autumn U)G2, was enti- 
tled The Repubhc of Science, its Political and Economic Theory, 
hv Michael Polan\i in this article, which had tremendous mflu- 
much of Uu* thinking about scientific priorities, Polanyi 
hkt»n»Ml the collective action of all scientists, to an interacting eco- 
rxiinu and {johtual rop^iblic governed, in analo^^y with ordinary 
t.(i,norni<' activitv, bv what Ilarv> Brooks calls the intellectual mar- 
ketplace ^ 

h\ Polanvi s \u'w, ht»cau.se ol the intrinsic impossibility ol tore- 
M-euii^ where science is Komg. the invisible hand, operating by 
touiHle^- umipetinu >cientists and scientific doctrines, provides the 
th'.t wav ol allocating resources, (lood science and good scientists 
ineMt.ihlv [)Us[i out hiui science and bad scientists, h^ short, the 
lr»»e njarket winks lar bettiM' lor allocations in science than does 
am totm ol soualism Polanv i'^ position may almost be described 
a- a reduction ol scienc(" policv to a branch of economics, with the 
ifitrlhrtual marketplace doing the allocating 

i wa- jnteM'-ted in Dr l.angenberg's testimony in which he again 
ttr^MMi, in each witness stressed the best way to allocate the 
fiH>n»'v 1- to lind out will) the best scientists are and they will do 
\hr alloi nuuh better than an\ bureaucrat or even, Mr 

H!'>wf), ( «)r)t:re'-'- 

\h Hkown Oh. no, not that 

Dr V\n\HM<(. M\ Inst article, "Criteria for Scientilic Choice. 
, on. ^ , it'll that Polanvi's Hopuhlic of Science worked tolerably well 
tor httie -LMiuce that i^. science dune in more or less a traditional 
^.tv h\ le.dividuaU or -ruall groups whose demands on the budget 
WW not vi-!\ lame But lor the reallv large decisions— whether to 
-M to the M.H.n or huild a lOOO-CieV accelerator or a space tele- 
.>fM- 1 -lut^ested thai criteria interna! to science and derived 
.r-i th*- nitrin-ii lo^^u ol the science were insufficient. For such 
'.U. .Mutt^ uiteria e\tein.tl to --cience. or to a given field of science. 

A? M' ni'v e'-'-ar v - j • 

i d^'M-r '^ir'j ihe-e a- technological merit, social merit, and scien- 
Kwr In tM(h instance, the value of the proposed science is 

'.,.M-ini>J i)\ It- fltei ti^enes> m achieving an end that arose from 
,t.Hir tlit» -cience. -av a technological aim. like fusion energy, or a 
o. J u like nuhtaiv strength or, in the ca^' of scientific merit. 
p.o^M*-- in ni'mhhorirm liekK ol science 

Mv > riti ria ol choice a^^iounted tv) stilting up a system ol scien- 
TiM. vahii"- Philosophei-^ of .^cience have always been concerned 
•\-t^. -urntilK truth thev wrestle with the question of how to test 
tf^ 'triith ot a -Ltentifu binding I was asking a different question of 
•v , M i. mi's tliat wen» t-qu^ilU true, hosv do you decide which one 
-tp^f.- valuable than the other" . . 

1 UM-d to -av that thi^ question gave the philosophic ur.aerpin- 
»on.^ not lor ^uen-v ttst^lf. which was the realm ol tlie philosophy 
.t n »' hut j.uhei lor the field ol scientific administration, be- 
, j.-nitlh adiumi-trators have to make the choice between 

I ft.^r^T .Mfupetins^ M ientilic elloits that to decide which is the 
.f' val'ialile. a»i(l ue weie trvmg to give a scientific underpin- 
• - ich di\ I'-ions 
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in flu' lutri \ ciiuu: M»\f*Ml attempts ha\f been made to 

.i[>pl\ tlir^' aIkjLuU ^[;<M'ulatU)rT,s te actual allocationb in science, 
P<*rliap^ mo^t tmtai)!*' wvn^ a sern'.s oi leportb put out b> the Na- 
tiotKil Aiademv oi Science.s in vvliiih broad fields o( science were 
a-^t*>M*d The most ambit lou^ report was the one on ph>sK's carried 
uut under the chairmanship Pro Allen Bromle> oi Yale Univer- 
Mtv in l'»T*J 

rh,e HroiuU'V iomrjultrr truw to um' explicit criteria, largely 
l).i-«'d on. those i had deline.ited. to r»ink the various subfields of 
phv^u- Then tt){> thu'e ^ul)(ields and institutions ol' physics — 
Ia^«'r^ and nia^er^, iju.intum optus, and elenientarv particles — 
totlav uJiUinue to meive verv strung support On the other hand, 
thui rirxt h.^he-t ranking field, nuclear phvsics, no longCM seems 

rei^eive a^ nuiih support as the Broniiev cunirnittee recumrnend- 

»'d 

riie /rmth ot iliN kind ol (hscussion I think occurred at the time 
.jI the ^tudv k halted h\ (ieorge Kistialvowsky. the former Presi- 
dent'^ ^ueiue adviser. I^esident Kisenhower's science adviser He 
.uidrrtot»k A -tudv ^f)on.«.ored b\ a [)redecessor ol this congrebsional 
• ')(iim.tt( e. The ^tu(i\ was called'hasic reseai'ch and national goals 

I went \ii niv Iibiar> »und dusted it olT and there it is. It appeared 
IT veaf- a^j it ujnsi.-,ted of V) separate essavs In members oC the 
panel Hie t'litne panel crrtiii/.ed each essav. though each essav 
w*i- the f r^p<ju>ibiht V ol its aiithut and each author was allowed to 
a< eept or r ejet t * he i rit icism 

The ^umniarv ua^ dialled h\ me. bu: with ver*v strong input 
Imjiu (i*'(iri.:e lu^tiakowsk>, ^'o it vva> sort iA n combination elTor't 
h*tweeri hini and n.*' As one would expect, basic research and na- 
tiiiiial U'»aU ujveieii the w iiole range oi t^pinujns as to how much 
-tirfKc out'.ht t(j be >up[K)rted from a high of 10 to la pei'cent 
^rovNtii per M-ar to this delightUil, almost tongue-in-cheek rvmark 
rhe eMJUonii'-! Hatrv Johnson —unfor t unatelv he is deceased 
nu,^ i,<'( rne ijuote hN worcN, tliough 1 hope >ou don't take tlieni 
tiM) .('I !o i'-K (*fi.urrnan lirown 

I } . M . ' ' ' i' I.! i A iti' talfp* tiH sut h M*>r,a< h >h<»ul{i !>(* ^up[M)i t- 

'! K V >i '( u I i ' ' (» f ^ I It ! It tr-iff 1 .11 nu nt iof iMt rlv .iii^ .itK in su[jp()rt (j| t ht* 
Ai!<'- ' !4f,(l'<lp- f J ,t liM^ur«Nl ' \i-ti'tu * in-'istt'iai (mi thr olili^Mtum of 

I iii>f«' thr (.oriirruttee dni ^n't take that tot) senouslv. although 1 
.rrl Hi. (jlleauue I)r I^)t!enberg ha- been a bit too uiiluenced bv 
h,- di-tmuuHlied <.(»!leau'ue in econonuis. l^r'ofessor Johnson 

\K own Mew^ beuan witii a rejection of science as a whole as a 
, did v.ilet'jirv in^trad science that vwis clear*l> I'elevant to 
K fiM VI inrtil nl an tipplied ami ou^ht to he viewed an ovel'head, 
a- not at;ain^t ^onie lutitious ^cientilic budget, but rather* 
iiii-t tlu^ budt:et lo! aduevenient oi that end. lor exam[)le, re- 
-♦',11 V \i i»h la'-ef ^ n U Aarit design t>| antitcink weap(jn> ought to be 
h I' .:•'<! • . ' jhl 1' ank dri^-n^e, not to science 
li', 'ii.pliv .It H)h thi>-tt(Md-^ tn aii"-v\»'r t he tple^t e<iidier wliether 
tf"' i tM\»'Munt'!!t wut^ht to he lU appli -d ^cieiue 'i'liu> e\ er*> agenc> 
•t ( '^yv* r nuif'nt outfit te aH<itatf» ^(wiie ol it^ budget to the use of 



HU'iiu* i!» tin* AK liM'vtMiu'nt ol its aim, just as every corporation al- 
locates sutne of itft buduet to suentific rebcarch because it believes 
that research will pav vii m better products or services What that 
tracti.iii allocated toVesearch is cannot be judged a priorit> -and, 
tu be sure, it wiliyiuctuate as the priorit> for the underlying non- 
scientific aim lluctviiUes. 

In <ulditiuti to the science more or less directly tied to the 
<icliievenietil ol nunscierUific amis, and therefore properly support- 
ed bv (Jovyrrmient a^^encies such cis Agriculture or Interior or De- 
lense—that ie^;<nd soence .^inipl> as a means to an end, not an end 
Hi a>elt— mast of uur panel usts agreed that there was a residuum of 
science, which I called intrinsic basic rese<irch, that was pursued 
t4)t no reason except the advanctment of science itself We aJl rec- 
ugm/e tins tu be a!^ esj,t.'ntial part of science, but we conceded its 
>uppurt ihd not ( a.^ilv fit into the responsibilities of the nonscience 
agencies 

At tJi<a turu\ -Uke it a[)peared that the budgets of strong science 
supporting agencies like the Atomic Energ> Commission and the 
DeteMM* Department and NASA indeed w(?r'e diminishing, we 
aruurd tliat NSF should pick' up the support of this residuum iriso- 
tai a- pti^siblr <irul in fact in this book was coined the idea of NSF. 
lu'inu a l)<ilarKe wheel to move in when the mission-oriented agen- 
cies couhhi t pick their share of this basic resear-ch. 

How nukh ol wh.it we thscussed and argued \') and 20 year's ago 
trlrvant to(I<iv * Tin re now i'U»ments have been injected into the 
dMhatr 

F'u^t. a rinkKtioti in thr rv<d budget of most nondefense-related 
at;ertue> -.eouul. <i ur^nving belief, expressed most succinctly by the 
t\t>norHist Simon Kottoiiber-g m his article "The Economy of Sci- 
rtur Thi* Proper Kole ot (u)vernment in the Or'owth of Science," as 
hi \vill e\[)lairi. that the priv.ite sector ought to support most of the 
-uenu' nt'ces>ar>^ to .ichieve nunscientific objectives Rottenber'g 
amur>> that in riio>t ui>es (u)vernment agencies spend money 
\tinn\\ when thev ^Lippuit science th<it is not unequivocally con- 
neUed to <Khie\( riietit ol their mi>sions. and thir'ck that the United 
States 1^ tiow engagefl in rtN'u'rnament 

Kiorn the perspective ol M ve<irs ago. our r-esponse to the r-educ- 
tion in real budget of most <igencies except Defense would have 
hetni raise NSF's budget to serve as <i balance wheel But if I un- 
<lr{-t.uul the curM'tit sau<aieri. NSF is not in a [position to serve as 
a >ul)si.ii)ti.il halaiKo wheel Judgmu from the testimony given 
lu'tore this o>numtlee last >ear. one gets the impression that 
thouuh the verv best -uentist-. m the Kvvy best center's will contin- 
ue ti> recene >uppwrt. seienti-ts in less advantaged parts of the 
t ount r\ will >u} fei 

t iHiiniK from TennesM'e, th<it U> vears ago Aas a scientific desert 
hut whkii fHAv lj*)a.st.s livelv, hi^h It ( hr'.ologv indusU'ial spinoff, 1 
^.anitot ojruede th.it ^et^maphic distribution of what r'emains of the 
-( H'tue buduei i^ less important trian support of the very best, but 
ihi^ot c'^'UNe 1^ an,.irguahl( point 

\<M I an 1 ami e th.it the mission agencies should sto[) >up{)orting 
relevant stuiKt* l)ec.iu-e plicate uidustr'v. being disciplined by the 
market will appU stnctei and luon sensible criteria for support 
ih.m e.ui ( iovernment 




Ptolr^Mii HnWi iilxM^ ( i>nL'('(ies that where the aim to be achieved 
nut tueihateri l.v the n»ai ket [>lace, as in defense or even environ- 
mental iHOlection, tlu ( iu\ er titnenl ha.s <i role to [)la> m supporting 
the underlvin^ >ciertce But where the market operates; the les.s 
tiuvernment in\ oUement— even m the underKing bcience, and this 
In the <ir)^um»'nt that I think is preset^ted in hib article— the better 
.rnltntufivilelv, the nunmatkel e.vlei n<ilities are never all that 
^h'ar Kot example, to lake an i^^ur.verv much in Congress mind, 
the bleeder, nut an utiuMitrover.sial matt-er. can be vievvtxl .sim[)l> 
a- an altenialive vvav ol pioducing electricity and ought to be de- 
velofjed. il al\ill. b\ the utilities, perha[>s tlirough their joint re- 
seaich organi/ation. the Electric Power Research Institute 

1 would <ii^ut that one ol the ultimate ai>;uments for the Gov- 
niiment beuiK interested :n the bieeder 'is the question of oil ini- 
[M>tt.- and the question oi laibon dioxide These are examples of ex- 
ternalilie> that are not ca[)tured bv the market[)lace 

I Will >kip ni\ dL^cusMuii about the overall health of the econoni- 
>VNtem being in a ^erise an external it v that is not perceived by 
t iie^jndiv uiual conipanv. but simplv point out to vou that we are in 
an <^tjn<>fnn u>m|H»tiliun with Ja{>an where the Ciovernment and 
the iixlu^tiv through MiTl are' verv much in cahoots with each 
other 

Let iin tout h uii (ielense Regardless oi one s attitude toward the 
ewrit- m Lehajtiuii. the oservvheiming technical superioritv of the 
l<ir:;elv .\rner ican-etjuipped -Israeli air force over the Soviet- 
equipped Svnari air it>ree is t\ stunning realitv Thif^ vast technical 
advanta^*' is a distillation M the scierUiiic and technological power 
ot the Tnited Slates .mtl ui Israel, and illustrate.^ the insepai'ability 
ot ^tronu (iMense and strong science and technology 

It we are to move awav event u. 11 v frotp dependence on tactical 
niideai weapon^ (or deterrence in Western ICui'ope, we .shall have 
to depend on ruore sophisticated conventional deieiise sv.stems 
ThoM' Will sureU l)e l)ased on better, riior'^^ intelligent technology 
In -hort, tlu Israeli ,>luit out against the Svrian air ior'ce demon- 
-trate^ <iuaiii how heavilv our defense [K)stur'e is dependent on sci- 
eiKe and tedinolut;v The mor'al nuisl be clear ThisV^O[>histication 
doe^ not spiin;^ up m i^ijlation It is imbedded in a nourishing, 
at^tive ^cientilie enlernn^e at everv level 

I {hereio?e eelm tl v a'w expr^'s^ed that the Department of" De- 
len>e, it it ha^ -^enou^ inteie^t in maintaining this overall capabili- 
tv in -uence and leLhru>K)^>. [>erhaps might ^erve as a sort of bal- 
xiiii^e wheel tor much re>earch that we in l!)<»o had envisaged to be 
the [)rovinceot ihe National Science Foundation 

iietore NSl'' w<is established, there wa> the Ollice of Naval Re- 
hear' li whuli setw'd as one vi the ma|or governmental patrons of 
-iierue arul iw [\\\^ pernni when support tor science is diminishing, 
the pos^il)ihtv oM)()|). or at least m [)art. takmt; on this historical 
tun tion ol heiii:4 a >or t ot *i balarue wlu'el I ihmk deser*ve,-> ser'ious 
iMenMon bv (*oni:(es. jnd the (Aecutive bi'anch 

I fi '!ik V nil \ ei V ?ni,i< fi Ml Cliiiirnian 
i lie prepared ^tatefuent ot l)t \Veinl>^'i'U follows | 
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Alvln h. i^etnberq 
Institute for £.nergy Analysis 
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I an plfdsvd, dnd flattered, to have this opportunity to give' ny 
Views on priorities In science, I should make clear that, though I par» 
tlcipated In the debate on priorities during the 19e0s, I have been mostly 
an r>t erested ^^^pectator in recent years, ^hat I can do is give some his- 
torical perspect l^'C; and then present a fe>^ personal impressions as to ' 
w^Te the debate stands today. 

The Historical Context 

".•-ot 'TiUft'o paper, "The Concept of Scientific Choice: A Brief 
Rr»i#>w r.'-f ' itrr^t ire," *>hich has been distributed to the t«o Sub- 
r./^Ti tt''''*i, ^^■nalns an ex eel 1 ent , survey of *^ere the debate on ho>* to al lo- 
c<i\f' >cir'''% for '.riff. re stood in the mid-1950s. In a i^ay, I have a 
f**'lif^ of dej^ vu: t^ie ii'.'j^-s that trouble science policymakers today-- 
Ujw ->.jfh srvt'ili be allocated to science in comparison to other activities 
iif -j-i.^T'inertt : a. id should r'-*.ourtes allocated to science be divided 
.i-^> -q hff^*r^'^t sci^'-it 1 'fields— remain mvjch the.^ame as those debated 
\.ears 'iqo. TMs should give us a sense of humility: 'Ac cannot expect 
'0 fi*'t r">.**U'»d wisdom, true and correct for all time, on the issue of 
»ri Titi'"-. li '.cl^'uf, Fdrh q**neration of polic\m<ikers will address 
• ^ -"-"'-t . il I >. th*- sa'^ qo'^sUons, but always with a concern for ^pract ical 
rx ifj»Mif i of the tim". Today tt>ose exlgeftcies are the strorxj reduction in 
1 _ rl»>mf-nt»; of \Uf- Federal budget, and the even stronger increi^se 
1' **xp"f'v»i ' ur»'S for def'">sc. 



Sf fuf t'l" ^lih- tr-Tiitl"'' on I nvfst iqaUons afwl ^vf«r!>iqht, jnd 
* , ')r>ni? t ' f. on ^cw^r^, R<sf'drcti <if>d Techno loQ^, U,S, House of 
^^. r, ,t i\.^s C'^'^fTi? • ♦ ee on <>ri*»f>ce and Technoloqv, \i^a sh Ifig tun , 0,0. 
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I t»" iTt^- I i»'>iv*<) i'i th" d''t;<jt" on priorities v^en I v^as d member of 
tse Pr»*!4dent ' s Scu»f»ce Advisory Committee ^ro^ 19^9 to 196?» At the 
iiT^e, t^^e central question In science policy >scjs whether or r<ot the 

lied States should go to the moon. President Eisenhower had decided 
.*';;nfist the manf^ed moon mission, a decision reversed by President 
K»"i'i**(jv. This decision brought i"to strong focus the whole conceptual 
J' '"r;>l rifiirvq for mwjking choices in science* At the satie time, Professor 
t -Irtird ShlU, the f^istiriqulshed sociologist of the University of Chicago, 
^^6 fcj*^ ded the jogr.ial Minerva : one of its purposes was to pro.vlde a 
*■ .'•m-^ fi.r Xhfi schwldrly and philosophic debate over how to set priorities 
w.lMf science. I^dfed, the very first article in Minerva , Issttod In 
Aj^>n'> «as entitW-d "The R^'publlc of Science: Its Political and 

f.CDfiunlc Theory," by the late distinguished physical chemist, Michael 
Polanyl.* In this very influential article, Polanyl likened the col- 
i<'ttive actions of all scientists to an interacting economic ai^d polltl- 
( .il "fpuhllt" which Is governed, in analogy with ordinary economic ac- 
tivity, by what Harvey Brooks calls the "Intellectual marketplace." In 
Poianvl's -^iew, because of the Intrinsic impossibility of foreseeing 
*^.''re s<-i"Hff' is <j'>i'»q, the invisible hand, operating by coufitless com- 
p*>T i(iq scit-nilsts /ind scientific doctrines, provides the best way of al« 
l"t.>tii)>n restjurcs. Good s-^ience and good scIentJ*sts Inevitably pushes *~ 
out bad srleiice <irid jhad scientists. In short, the free market works far 
b**tter for allocations In science than does any form of socialism: 
P..i.in>i's position may almost be described as a reductior* of science 
policy -to a brarich of econonlcs, with the intellectual marketplace doing 
T^t'* allocating. 

Mv first artic'le, "^'ri.teria for Scientific Choice," conceded that 
P;l.jnyi's R^'publlc of Science worked tolerably well for little sclence-- 
i,e.» science i'me in more or less a traditional way by irKlivIduals or 
^•nall qruups whose demands on the budget, taken individually, were not 
^f-r/larqe, Hot for the really larqt* decl s ions- -whether to build a 
t > ' .K c»'ler,itor or a '.par?* t elescope-- 1 suqqest^-d that criteria 



71 



Interndi to science afxJ d<*rlvt*d from the Intrinsic logic of the 
science were Insufficient. For such decisions, criteria external to 
science, or to a given field of science, were necessary. I described 
these ds technological merit, social merit, and scientific rnerlt: in 
edc^ Instance, the value of the proposed science Is meascired by Its ef- 
fectiveness In achieving an end that .irose from outside the science: 
say, d technological dim, like fusion; or a social aim, like fnllltary 
strength; or. In the case of scientific fT>erlt, progres In neighboring 
fh'lds of science. 

My criteria of choice amounted to setting up a system of scientific 
valjr. Phllusophvrs uf s'~U*nce have always been concerned with scien- 
tific truth: they wrestle with the qoestloVi of how to test the truth of 
a scientific findli^g. I was asklf>g a different question: of two scien- 
tific findings, both of which are equally true, how does one decide on 

Is the more valuable? I called such Inquiry the "axloioay" (as op- 
pos'-d lo the "cplstemoluqy") of science. I argued that since the basic 
problfm of scientific ddmlnl strat Ion was to allocate resources between 
competl'tq sclrntiflc claimants, that an axlology of science ought to be 
usf^ful to the scientific ddmtnl strator . Thus I consider^ the axlology 
of science to bo a sort of philosophic underpinning for scientific 
ddnii'lstrat lort In the >>»me way as more traditional eplstemblogy serves as 
an underplnnlf»g for scle^»ce Itself. 

In the Intervenl riq years » several attempts have been made to apply 
tft'^se Scholarly speculations to actual allocations In science. Perhaps 
rrvjst notable were a series of reports put out by the National fcadeny of 
^clfpcs In v^hlch bruad fields of science were assessed. The most aiTi- 
tjltl'jus r**yort was the nne on physics carrltxl out under the chairmanship 
of Professor Allen Bromley wf Yale University In 1972. The Bromley Com- 
rtltteo used explicit criteria, largely based on those 1 had delineated, 
to rdfik the var lous'sub-f fel ds of physics. Their top three sub-fields ^nd 
Ins t itiit ions uf physlcs--lasers ani m<)sers, qiiantum opticft, and ele- 
mf.r.irv i>art It l<*s--t("iay continue to r^ielve very strong support. On the 
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other hand, t^tir "rul Mf^NeM ranklrK) fields nuclear physics, no longer 
se^^-^s to receive as nuc^ support as the Bromley Cofntnlttee recommended. 

' Ba^Ic Research and National Goals 

The debate on allocations for 'science probably reached its zenith In 

with the report. "Basic Research and rutlonal Goals." This study, 
chaired by George Klstlakonsky, a former science adviser to the 
President, consisted of 15 '•eparate essays by members of the panel. 
Tfie entire panel critlcired each essay, though each essay was the 
r*sy .sibillty of Its author, and each author ^as allowed to accept or 
reject the criticism. The essays were Introduced by a lofjgish sumivary 
thjt I wrot'e with the help of ^^rofessor KI st iakowsky. 

As one would expect, "Basic Research and l^atlonal Coals" covered the 
w^'ole raiKje of opinions as to how much science ought to be supported 
(from .i hlqh of 10-15 percent growth per year, to economist Harry 
Johnson's view that "the argument that individuals with a talent for such 
re«;ear^N ^ho-iid be supported by society. ..differs little from arguments 
fornt-rly adv.jnred In ^ijppt^rt of i.iC Owners of landed oroperty to a 
l^'Ir.ured ('xlstehce. ..'insistence on the obligation of society to support 
t^ie pMr-iijU of scientific knowledge for Its own sake differs little from 
tbe •''istor icdilv eacUer insIsteiKC on the obligation of society to sup- 
port tfie pjjrsult of religious truth, an obliq jtlon "econpensed by a siml- 
U'i> uf";p»*r i f ifd and problenat Ic^l payoff. In the dlstar^t future."). 

> >V oy^u viHy^s b'.'Qati with a reject loo of science as a >^hole as a valid 
r,i**'.iut\. ' In-i^Hafl, science !h*it **ds clearly relevant to achievement of 
.) ' a^'^ilif'd al-n oiiqftt to bv vU-^ed an overhead, assessed not against 

f.ctitio.;^ snenflfic bjdqet» b»jt rather against the budget for 
ach i t-v e-^'-nt of that c.'nd; for example, research of\ lasers relevant to de- 
slc7^> of (intl-tank ^^eapons ought to be Charged to ant'i-tarik defertse, not 
to sc i **nce , Thus rvt r> aoeiicv of Cove rint-'it ought to allocate sone of 
r».iflc,»'t to.tfir tr>t '>f srlf-ite in t he ,>chi Cvrncfit of Its aim-. Just as 
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every corooratlon albx^itHS somt* of Its bodget to scientific research be- 
cause It believes that rescdrch will pay off In better products or 
services, vshat that fraction allocated to research Is, cannot be judged 
a priori— and, to be sure, It will .fluctuate as tbe priority for the 
underlying no-^-sclent If Ic aim fluctuates. ^ 

In addition to the science more or less directly tied 'to the 
achievement of non-scl»jntif Ic alms, ard therefore properly supported by 
Government agencies such as Agriculture or Interior or Defense (that 
regard science simply as a means to an end, not an end "tn Itself), most 
of our panelists agreed that there *^as a residuum of science (>»hlch I 
called Intrinsic Ba^lc Research) that vsas pursued for no reason except 
the advdncemt'Mt of science Itself. He all recognized this to be an es- 
senti-aj part of science- -but conceded Its support did not easily fit 
Into the responsibilities of vhe non-science agencies. I concluded at 
the ii^e 1196^) that support of siich science was almost the central j 
qur\tlon--.!nd th.it it was connected strongly with the role and strength 
of the National Selene^; Foundation (NSF), In view of wt>at sewed to be a 
retrepchm^-fit of budget In Defense, the Atomic Energy Commission and the 
national Aeron.jut Ics a'Kl Space Administration, 1, alony with many other 
pan-'llsts, support f<j tSe notion of the NST as balance wheel--to take up 
the nla^k wt>en f Itjrtuat ions in ^upfx)rt by the scientific arms of the 
V mlsslon-orlentfd agencU-s fell In response to the change In national 
pr li>rlt les. 

The Present Scene 

How nwch of ^/><it *e discussed arKl argued 15 and 20 years ago Is 
r»*l»'v.irt today'^ Thr^e nt-w elements have been Injected Into the debate: 
First, a r*x1ijctlon in the real budget of most non-defense related 
aqe^'^^ies; second, a gro^iDg belief, expressed most recent Is by the 
ecopfXT^ist Slnon Rottf^n&erq In Ms -irticle, "The Econcmy of Science: The 
Pro.^t-r ^o\f of '",r^vMr^nrnt in the' r.rov^lh of Sclfhce," ( Minfrv_a , Autumn 
r>\M t^..>l th»' prUrjtf- sector, quld»*d m Its allocations by the matket, 
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uuqSt to support mr;*.l uf I hp i^lence necessary to achieve non-sclent if Ic 
objectives. (Rotteuberg argues that In most cases, Government agencies 
spefKj "onnty poorly when they support science that is not unequivocally 
connected to achieveme'^t of their missions.) And third, that the United 
States ought to re-arm. 

From the perspective of 15 years ago, our response to the reduction 
in real t>*j<lget of most agencies except Defense would have been, raise 
NSF's budget lo serve as a balance v*heel. Bat If I understand the 
currer*t situation, NSF Is not In a position to serve as a substantial 
t»jlM>ce <*hee3j(. Dudqlng from the testimony given before this Committee 
i.i5t >ear, one gets the Impression that though the very best scientists 
in tSe vt-ry besl centers wlU continue to receive support-, scientists In 
l^-ss advantaged parts of the co^^intry will suffer. Coming from a part of 
the country that, ^0 years ago was a scientific desert, but vvMch now 
b(ias^ls lively, high-technology Indi^strlal spin-off, I jcannot concede that 
j'wjt^r'iphlc (llslr ibutlon of what remains of the science budget Is less 
import ant 'than support of the very best. 

t^or Cdn I agree that the mission agencies should stop supporting 
reU-vdnt science because private Industry, being disciplined by the 
n<irket, will apply slricler and more sensible criteria for support than 
c«iM GovirJiment . Professor Rottenberg cortcedes that wtiere the aim to be 
dchi'ived is not mediated by the marketplace--a5 in defense or even en- 
vironmental protfct Ion- -the Coverrvnent has a role to play In supporting 
the vi-tderlylng science. Out vvhere the market operates, the less Covern- 
m#'nt ir,vol ve"n*"^t , even In the underlying science, the better. Unfortu- 
itaN«iv, the non-market ei(ternalltles are never all that clear. For ex- 
.npl**, m.iny would argue that the breeder, being simply an alternative way 
of [ir >^l'j^inq electricity, ought to be developed. If at all, by the utlll- 
^i*'^, tK.«rhap5 thi ough their Joint research organization, the £lec*rlc 
PoA»T f^^search Institute. Let the manufacturers and sellers of 
-"^iect r icl ty decide on the appropriate discount rate to be used In 
^>l.i. i px} devrlopiug d totally new source of olcctrlrlty. But the 
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utilities are not concerned, in dny direct way, either with the p^blem 
of oil imports, or the possibility of a carbon dioxide-induced change in 
climate. Both are externalities that Covtrnment must be sensitive to; 
both considerations point to continuing development of the breeder by ^e 
CoverrwfOt, as a mejns both of reducing oil imports and of hedging 
against CO2 build-up--even though strict market economics would militate 
against the development, 

I realize that the breeder i^ an extreme case--whefe the exter- 
(•alltics are hardly a matter of dispute, and are sufficiently powerful to 
tu^tlfy strong Government intervention* In other cases, the externali- 
ties appear to be more con;rived--as, for example, in research aimed 
at producing a safer autotrobile, or even a leak-proof tanker. Obviously 
t^e cases are almost never clear-cut. But I would remark that even in 
the connerclal sphere, the United States suffers from foreign compe- 
tiiion, particularly Dapanese; and much of Japan's advantage flows from 
t^e iMt Innate government-Industry involvement in research carried out 
thrtxigh MiTl, Though the health of a specific compahy is not gen erally a 
quvernmrnt concern hj^rej the health of our entire Industry In a fiercely 
^cxT^petulve world Is a governmental r esponsibtli^ y_i_ Thus there are eco- 
lu-mic externallt ies--health of the entire economy--not easily captured by 
iJKJlv ldiMl Industrie', thefflselvcs^and_thi,5_ artiuii5 fo r a libeTaTT rather 
t^an re-itrictiveJnterpjv^tioo^oJLJ^-e^C&U^ _ to which ex ternalities 
'^u'jtifv scientific int erven t_i on bvjjovernment , 

rFn-illv, I will touch upon Defense, Regardless of one's attitude 
tu*<ird thf eytt>ts lr> Lebanon, the overwhelming technical superiority of 
If*' Urtjelv Anerican. equipped Israeli air force over the Soviet-equipped 
Svrl.m jtr force Is a stunning reality. This vast technical advantage Is 
.J tl 1st III at Ion of the scientific and technological power of the United 
Stdt«s and of Israel, ar^d illustrates the inseparability of strong de- 
f«?Mse and strong science and technology. If **e are to move awiy eventu- 
iliv fr'x*. rtepen(jer4ce on tactical r^clear weapons for deterrence in 
Afs:*^-* (viruo*'. we Shall hdve to depend on more sophisticated con- 
cur tu- .»l flr^ef»s« svstens. These will surely be based on better, more 




if.? f-Ul^jfut is' ^'Hili/t^y - r>*-?t«fr f ejnputers, lasers, communlcdtlon svstans, 
to Mention j few. In shorty l^^c Israeli shut-out agolftst the Syrian air 
force demonstrates again how heavily our defense posture is de- 

pendent on science and technology. The moral must be clear: this so- 
yM5tlr,itlon does not spring up in iwUtion. It is imbedded in a' 
Mujrls^nq, active $cientiflc ent«*rprlse at every level--the very best, 
ihe C(i^petent,^(t^he lear'»frs, the yotjf.g. Thus, Just as the viability of a 
'.teel Industry and ao .luto Industry ar»d tirTalrplane industry is of 
"f»">tral concern to the defense of our country, so I would argue is the 
^tlr jicg strength of our scientific enterpri se--iti every dimension, not 
'••ly In tht' asp<'C!:s that are clearly and immediately relevant to de- 

T would therefore echo the vie« expressed at last year's meeting 
ttvit the 0«-p.irtmt-nt of Defense, with its serious interest in maintaining 
t^is capability, riqht serve as a sort of balance, wheel for much research 
t^.it In 19^5, had envisaged should be the province of the National 
Ifi.cf' F (>u'ut.itiofi. One must remember that before NSF was established, 
ir-m«-dl.iiel V dfter the war, the Office of Naval Research served as one of 
U-t' m.ij.*r q'ivernmental patro'^s of science. In this period when support 
'or vlrf.r r frijtn m.triy of the f»on-defense agencies is diminishirg or 
i'^jinlnq static, t^e pusnihllity of the Department of Defense renewing, 
<iT Ie.i%t lf» pdrt , tMs historical fiinctior* deserves serious attention by 
'"t*' c:^*•^s .ifH the txerutive Branch. 

Mr Bh(Avn Thank voii fur tfuit \en slimulalm^ review. Dr. 

I)r R()itenl)or^''* 

STATKMKNTOF I)U. SIMON K()'!TKNnKR(;, PKOKKSSOU OF 
K( ONOMKS. I M\ KKSIT^ OF M.VSSACUl SM'ITS. .XMllKRST. .M.\SS. 

Dr K(rnKNHKK(» Si»ttin^ priorities I'ur GtAernrnent support for 
^♦.u*Iltlfic ri'H'arcli unulves Hnding respunbUb tu a number of ques- 
Uuns Wh.it kiiul oi' sclent I He research should receivo Government 
sup[)ort and what kind should not'* 

Ft II tin* n'se»uch that is Ooveinnient supported oi is appropriate- 
K (IiJU'i iniient Mipported. \\hat is.' the appropriate scale of that 
^App(^It* Iluu nuK'h should be given to scientific research as op- 
p»»e{| to other oljjtctives of Government expenditure? 

Witfiiii the rubric of Guvernment-supported scientific research, 
hijvs ^hiuilil >U[>purt l)e allocated among fields, projects, researcli in- 
^taulllJIlN. ,inil leseaiclu'is' The answer's can be sought bv peixeiv- 
iim Mientihc researeli as an industry or economic activity. 

laki Dthir iiKlustries. the acti\il\ th<it ue call scientific research, 
rniplij^^ riMJur^e^ lia\ ing alt«ern.iti\ e valuable uses to society, it is 
an uiu'^triirnt .utivit^ in tlu* M-nse that tlie costs of tlie activity 
art iinui ml in the pir^ent l)Ut the pavoHs come in tlie future* It is 
a I actiwtv in tlie M^n^e that thi» research ma\ tail to discover 
or t hiMli*^co\ei \ ina\ become (piicklv obsole^cent 



Fur inuht nulurttiit\s thrrt* is no bubbid> and there ib no central 
direction with rt\s|Hxt to ^L*ile and methods. Whether a commodity 
IS produced or not, how much is produced, and the methods of its 
production are determined b> the application of a market test. An 
activit> IS engaged in if it will >ield a normal return on investment 
and the methods chosen are the lowest cost methods. 

Mtirket t.t\st.s are the appropriate method for responding to the 
priority questiuiis, if the market is competitive, that is to say, if 
there is freedom to enter and exit, and if an investor in an activity 
appropriates or captures all oi the gaint) of the activity This is so 
because markets are efficient in the tiggregation of information 
about social preferences and social costs. 

The market ks the appropriate instrument for determining 
whether applied resctirch should be done, how much applied re- 
&e*irLh .should be done, in which fields applied research should be 
done, and how applied research should be carried out. 

Applied research is that which seeks to discover the application 
of knowltd^e to some practical use. Explicit estimation of the mag- 
nitudes uf the variables affecting whether applied research of a 
p*iit»tuLu kuul should be done is enormously difficult. They in- 
clude estimates of the probabilit> that research will be successful, 
the valut> of discoveries, and the length of the period before discov- 
ery becomes obsolete 

Kxplicit e,stimtiti(jn by (iuveriifiient officeholders should be avoid- 
ed, i( the market can serve as an alternative instrument fur 



If (lovci^Hiient support is given for applied research, there will 
be an exCe.ss of resources devoted to the activity. 

The rate of return on the activitj will be below the normal rate 
iii return, some resources used in applied research will have better 
Uses for MJLietv m other activities. There is one exception to the 
market test rule fui applied research. Where the buyers of applied 
re.search. a,s in the case, for example, uf applied research for de- 
ten.se, is ti single agenc>, or ver^ few agencies. Government support 
IS indicated. In this case, the market will fail. 

If there is onlv one purchaser of submarines, they will not be 
built, except under explicit contract If there is only one purchaser 
u[ u^earch intended to make submarines more efficient, it will not 
be done, except under explicit contract. 

Thi ii.sk oi e.stiniating defense procurement policy is too large fur 
cuinmeituil firms to undertake those activities, unless the> are re- 
inibursed b> contiMCt ariMngements for doing so. Actuallv, Govern-^ 
lurnt support for applied scientific research extends fiir Jjeyond 
those liniit,s — ^ 

The .** vtar uutluok. which defines plans or aspirations for Gov- 
ernment support fur lesearch, includes a large number that fit an 
applied research set. 

Btisic research, which produces increments of pure knowledge 
ibuut iititure. num, and .siJLiet>, with no known or intended practi- 
t til Usi' should. hovvev(*r. b(» (lovernmentally subsidized. 

This Is because btiM*^ le.setirch produces what economists call a 
public gvHjd Nune^^^ be excluded from the consumption uf incre- 
ments ul pure knowledge, and the consumptiun of a unit of that 
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kiujvvU'il^f l)V M>iiu' U a\t'^ urulimuiL^hvcl the quantit> of it availa- 
ble to others 

In the tabf of [)ubliL uouds. tht* market failb. If imirket processes 
vvere to deternnne the bcale of output of increments to the stock of 
[Hire knowledge, there would be underinvestment in the activity 
and the rate of growth of the stock would be lower than is socially 
appropriate (nnei nnient .should, therefore, support basic research. 

Since it doe.s not seem po.s.sible to measure the value of pure 
ktiowlf'dge of nature that ha.^ no intended apphed use, economic 
principle.^ of (organ i/.at ion mav offer ver> little practical guidance 
in determiaing the quant it> of .societ>\^ resources that should be 
devoted to basic research. 

Sot onlv dues it not seem possible to value the output of pure 
knowledge, but it >eems also not possible to know what will be dis- 
covered bv thu.se engaged in basic research, how long it will be 
before re.searih di.->Luverv occurs, how long the discovered knowl- 
t'dge will .'^ur\l\e before it becomes intellectuall> obsolescent, and 
the uite iit uliich it is appropriate to discount the services that the 
diMt)\eiv performs in g'ving society deeper understanding of as- 
pect of nature 

Altliough a governmental program of support is indicated for 
ha.siL re.search that will move some resources into basic research 
lioni otlu'i attivitie.s m which the> would have' been employed, 
care .should be shown that such a program is not too large. 

Tuo much .should not be made of the defense for an active and 
exttMi.sive publu .science policv in terms of service as a public good. 
FAcluaion Ls po.s.sible for patentable discoveries and. for centuries, 
per.son.s engaged m .scientillc reseacch have made unpatentable or 
unp<itented di.scover ie& and release/! them to the general communi- 
ty Sucli people are rewarded in the currency of professional repute 
and the re.spett of their peers. Indeed, rewards of that sort cannot ' 
he procured unle.ss discoveries are revealed. 

Some measure of basic re.search goes on in instjitutions of higher 
leaitiing without pfiblic subvention. Their faculties are expected to 
be engaged in joint venturt- in which the> both x:on\municate al- 
leaclv diM^overecl knowledge to their students and also seek to add 
increments to the .stock of knowledge. They are paid, if they are 
^ucve.sstul. m higher lifetime income .streams- and by invitations to 
liiin m.-Ntitution.s that are characterized by intellectuallv more inter- 
esting dialogue 

^^ssummg that the.se mcentive.s are in.sufflcient to .secure a social- 
1> optimal scale oi basic re.search investment, rt is the proper spe- 
cialized province of Government to invest in such research. 

Just as (u)vernment lacks tlie capacity to measure the value of 
uK^'nu'nl."^ puie knowledge in the aggregate, it also lacks the ca- 
paiitv to m»'as\ire the relative values of different increments of 
pure know U'dge that are produced bv basic re.search work, in differ- 
ent tield.s It cannot e.\plicitl\ rank-order the increments of knowl- 
edge o\ \ho u)n.stituent components of basic research, nor can it 
a^^itih tliem weight.^ tliat indicate their comparative values to soci- 
et\ 

(Inveinment shouid avoid, il it can. measurement tasks that it 
canned execute well 
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TbTc a fn>N-.jblf method thiit might solve the problem of allo- 
cating ^joserruncntal lands lor j^upport of basic research whiie 
a\oidin^( explicit e^tlmat^on ol the values of the output of research 
acu\itie.s That method implies choosing among scientists rather 
than choosing among scientific fields and projects. 

it a method that can be derkved implicitly from the late Prof 
Muliat^l Polan\i s discuhMon ol 'the intellectual marketplace In 
that marketplace, the hCientifu' community contrives professional 
Mandard> fur dett^ mining scientific merit The authority of scien- 
tific opinion enforces professional standards. 

Poland's perception offers a method for the allocation of govern- 
ment <d Vesource> for basic scientific research that would permit 
^overtmicntal ulflccholders to avoid the explicit estimation of cost 
and gams The\ v\imid allocate not among fields but, rather, among 
Mienti^N Thcv would inquire about the qualities of intelligence 
and ol the proles.siunal achievement or promise of scienMsts in the 
^utHie. i»af would not ask about the relative vaiuts of the various 
^ui (iillerent di>co\eries of pure knowledge they seek to achieve 

Wivy would not .seek to refashion the structure of pure scientific 
\sotk i)ut would petnut it.s structure to emerge spontaneously from 
the unu>n-tiatned choice of individuals among scientific careers 
md scirnulic [)ro)ects 

B\ a{)plvmu the method of searching out scientists who have 
fnertt a^ measured 1>\ thi* con.sensual judgment of the scientific 
ornrnumtv. and In permitting them to work on problems that 
luOM' then uino^itv <md are r-espon.sive to their sense of what the 
Mtei\titK eomrnurutv consider's to be nnportant, the Government 
nuiiht iiiahe a ^tronuei contribution to the advancement of science 
Ami the prome^s ot kn(n\ ledge than it would if it aUempts the ex- 
pht It eMimaiton ol the r-elalne values of scientific discoveries. 

\|t Uhown 'i'hank you very much, Dr. Rottenber-g. 
i'fie pr-epaied Nt<itement of Dr Rottenber-g follows ] 
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: cr J;.'*:*:© ar.i T» r-c: 'J. ^. 'O-ir-c of H»>;>r** sensitives. 



A :,oRr " r :r.; 1 >^ *- ''^'flr.*' :>ro: *ir role of ^overrj-ent 
;f. .-j^rt I' : ;r-- Jt' so'r.ce fir.'i for the practices t^at v:iU 

'..SI- foi*' pr:n-xr'*"s to bo aj'il.cd ir sirllar to the exerc;se in which 
. .'^^'i^v tht»/ c.tte-.pt to solv*> t!.c proble- of allocating 

, ^- '^'^ fil*.'.-- wc u'^*'-^ trat social welfare will be raxir^zed, 
, .-(^ «s„ . f.^ o'«'^,a,v'' r»" jur<'»'^> . 7b '>e rf";f*^urces have altcr- 
'^itiv .'"S -r.T "i.'-' Vi:^« f " -0 le^y. HeSvurces are scarce arid their 
... - . I- ' .-'^ r'.^ Cf . >. r'.^'ii 'v.. -est ur.n 300: ety by forestalling 

''"r -r^ >n5. Rc-c vrces that ore put to an> particular 
^ .. - . J , ^-.^^ i^po ^j.^ -rf-:.i t/ costs bec'^aso they are 

• . - r" . f; : irvn;. tin<'i^'i<^r.s. 

t , V ''-..> -.---.t. If it 1^ i^^^' sf'il. f-'jro IS a lu^-: 
. " tir > V* r- .fire- 1 ^''",r t: J ^arrit"i cr. hn^i the tire 

' i.r - 1^ > r.^K; ' a-*- 3jt f"5rfJ. ^tn-i A-t' ^re fa: Jure 5; t»-ere 

. ^ . ' f f*^' tri c*" fiilir.', 

A - 1 . ir.y '.''r vf • .r" t^it to pr^ijce M-^tKir-r, t' i*o are, 
; t.*. •« -.-^ ir.l r''f-:^ of rr i.^ti-^r. that ca:. be 
• - . J. 

^ ► , r " •».' V ' "y ' ''•'^~'«f siU'"^ - r-crf^tlros 

• i rt'- ' • * r . ^ ; V t i J ' ? , 'ini 

\ ' ' ' t' ' t "'t -f .'iitic th'it fi'^r^iire, 
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optL^lz** for ?t»^i*'»^. 

The/ are, however, con::ltlon: ♦hat art? f/*^"avrdir.ariU' ^iiTficult to 
fu;.:'.'^ t'xolicl^/, Ir. the case of scientific research activity that warrants 
^. - .".t ^-'-vH.-f- f-' ^T'^-^^t Of tf..t ,ict.'.it> i6 very ciifric^t 

- *r 1 p'/ssibly l'*.pos<';oie - W rt^sure. 

Thrt»<» fax; l.ir^»»r.Uil q:-.* 'tiuna ccrSr^ th^' de.vi^ of public scirnce 
p j'icy. They are: 

U:il*»^r what Cir * ~-6t\r.ce5 it appropriate for govemr.e.nt to finance 

i 

sr;*'nM:!' r'^'-'^ir^h ^'^'•n, 'i. '.-"r.ijitively, shouVi finmclnc cone fror. 

Whit is t.^e 'ijfr print/} scale or i>ize of gcverrrent supf ort for the 
<■ ....♦1'", r- >' ,r ^ thit it chciUi ruprort? 

y ^ ' v**>:-',r»>r.t s-i;;' rt for srcicritif^c rrr^eirch be allocated 

ft"''r»^ f.»' 'r',i' V, Hr'i re'^eoLiTners? 
' 'Jr. x'> i*_r ' p^:l»n e nf ri.rk('t fai".ure, competitive, 

o .c::.t rarKf't" '^hf- i te r"lifJ 'i^ n ta 'irt^T^ine the scale of 
•""x^'t.'*!^ ros^^-tr'-h , itr, 1i'"trib'.*. 'n <ir^ : f; fiel<ls <'tnd projects, and 

• J' ',y ^r-, ^rc i.-^tic^'i of rr'^^iroh o^tcc-es occur - 

A". ♦^ Ii.lt Cili^'ilat ,ri of the vu>a*'& of the van abler. 

♦ it <ir*' r*'levtrt t*^ f ;1 f i'.I -"^^r.t cf bjciftl opt*nality conditions is 

* 1~: ths -iir-c** w.Il t"ni Vo c<iuse th^r to be fulfilled 
a * <. ' t. iy p*** , , .'^n* 'wt' -* to o^.ir* The rarket is an efficient 

i-str .-"-It f^r Jf-- 1 ilpy: th" to -fhi':h the rp'uurccs of society *^hoald 

t'*' ; it, P-,^ 1- ,,f' ^v.. -jrl'.^t effir. '^rt Ir, th^j a(l^:re^ i M on of 
r» -.K* ' t i * ♦ri'*l nf sot 1 a ev ilu iti^'r.s frc^n tK*^ differences 

I™ •* i.'f. l.tl" ' t'-'o^jp ',-''i»^*y ir. the VuIm'-s they put upon corj'.o ii ti es , 

i'TJ. r.^c, ^•'r»-i.rt/ .i'^ i f'O"*; "^'."^ent a,ni in th** estir^iticn of the 
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OcT.-rally, r^-<«ts -^ '^^ "Ot fnii in ^ieciiin,; how nuch appUed research 
-i^ne, w-ch a:^p:ied rcsei^-ch sho-old be dor.e (and which not), and 
wj. ^-ill io it ^^1 were it should bo dor.e. 

^.irj-*»ts vi:i r.<ixe *-^,c-e dt-ci-lor.^ curroctly ur.d efficiently, if 
t"-^;*"!? r>i/f -i^;lioJ re'jetiTC^ invest-f*ntc cur. appropriate or capture 
all fvc fVA-^i' successful reiecir'^'^ i.ivest-ser.ts. If they 

Are r .^-zQCbCilf th'^y ^11 recover their invest-tent costs ar.^ a"norr.al" 
r<»t^r' ^.'i t.^»3;r i.'^v^str^T.t, ad^^jcted for the riSK of failore . 

••Apc**'»d resf'iTJh" is directed towards nakii^tl ^-sahle discoveries 
•'>w.iri t: *^ rrac^ U apt) li'^ a tic." of a.1 ready ac':uirfed knowledge. 

^ '"-il'i 'ot, in nost cjs*"S, f^r^ance applied scientific 

fir ir it i'.*^-, there vill be an excess of inve5tre.':t in that 
c " . 1.^ " 'ill r*>';^urc^s will h-^ve beeti put to less than their 

* ' »"-y '"ii. '* i i^f""'. 't only ^ill the .-.cale be ^ror^g, b\2t, because 
I* i< ■ \ tA> ^cziri.^te dJ-.d rir^ijulate U\e ^-tist And dli verse 

).iJ\.W r .'f. v.^t --aII perr^t th^ e^^tiration of the apjjregated 
ir^^f^^r- oji 'ill in-iiYidjils, ^oureholns, tind firns m the society, 

i.r'^" r*v, ^r'-'T ^-ill ^-.e in*^ iT^c .ontly allocated ar-o.ng fields, pro jects, 

/••rT'^'-v ''I. 4. ^rv J .md dte? '^'^.jjLort applied scientific 
'"-.ly, .1.'. 1 ^1 rt'i'.:,: of tho volure? of The Pj-v^ Y^ar Outlook, 
• I ^. t " it.^'il .J ^rr r^-:. latj.cn, rOi-^c^jLli) r. ^-erc:u3 aspirations 
f - ^. * ^ ' r* ' r • j( ot» ' .*»v»' .i,;*-'r»c*, t*' at hri/o ajpl^ed research 

7*'.-'* ^r*' -i.^^- ir w ''>h •~u"-"^t'i will ful and, in the absence 

• ''I'* 1. ^.f", *'"»^rf' ./ill r>f^ ;nd'>r:rvp-trer.t ir activities. 

, , • V 1 I tl v.* fi 1 1 ^ r i i -e 7 jbl 1 od-^i , those 

. V- , - . o t. y*^>— I • ^ - o • ^ i' * *^ <- ^,^> ..hi^h ^rr-.^p a ccj^odLty whose 
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A •^public ff'V'l" hft'> U." j^ruj-*rtlc3 that none ctm be excluded fror 
its consunption ani tj^.at the ccnrjrrtior. . a unit of it does not dinini,sh 
the cuar»ity of it that ray be corjj-^-.ed by ctniTS. v 

(a li,^ t' '.:c th*» classic ax^L—le. So p^iss.r.g ship can be excluded 
fr acqairir^ the ir. fcr-^at^on th^i the lighthouse r:irk5 don^^erous shoals; 
*i>7 ship a;,qulrir.g this inf^rnatior. leaves und*nirusbed the Quantity of* 
ir^omation that is available to other passing ships.) 

An "external benefit" is a gain appropriated by others tnan ti.jsc 
er.;; a^^e in an ac ti vi ty era tran rac tion . 

Since inv<»r> V-)rr. w*;o tear the whole cc^-t of ari mveotrent will, when 
deciding whe'her to en^:'ige in nn activity and deciding upon the nagni*udc of 

-^.tle of th^ a::t:v;ty, ta>e account cf all the costs they bear and 
thf» b^nefitt> th«v» t>- elves, vill reap but will take no account of the 
pains of ^^t^f'rs, the rir/e:, will generate underir.vestnent in activities 
that pr^du-** juv^i'' r> " px'er'i.il i^erefits. 

To s-^cure a soci^illy 'iptirtl ^calf' of such activities rp'tnir*^*^ that 
th*»y ict.vit/ ho s.M.iiz^^l. 

Pasl" sJ^entific ros^tron i^ ^^'j-K fj. acti'-'lty. "Bi^aC scientifi': rer>circh" 
se-^KO n^r*' ;'un i ir»'rjtal kn^.rf*>*i,»o of a ph'-^no-unon, but not its practical 
Ap:*ilc<'iti"n. 

^Viiio rcs»iir-h cle irl^ :r l'nc"> public good- None can b** excluded 
fr th** C'>n' inption c^f th" .nr. -^-f-rVil rnorfledge it prodjcec ^tnd the 
A'-:^'ition of th'it 'rn^rfleigo by cne does not tLranij^h the nuanti ty of it 
thit if av'til.tMf^ to others. 
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If th<» pr' <lu"tion of basic -.cientlfic research were a private 
rATice^v act^/ity, too little of it wouli be done. Tnose who bore its 
cost woalvl not be able to unpropriate the gains of their discoveries, 
y^t'Ti were s ^c-^'^sTil . Gcr'err.-er.t s:.c-ald, therefore, fir-ance 

bas' c research. ' 

T^e third casf in which ^'^ovpra-'ental firi^nci.'ig of rescdirch is 
indicated, because of nd.rKet failure, is that in which the discoveries 
jr.. 1 iced by the re3'^Ar;:h have val^e for a sir^le, or a few, governmental 
afjencifs. Alth->u^h pr-.vite firrs wall produce pencils and shoes and 
zxrry ir./f^n tt r of tlxT, ua.itinfi for buyers tb cone, none will produce 
s-i --irares , exceji^t cn explicit contract. The two cases are differentiated 
*• J ^n'/» r of ^i^yers - a rul tic-lici ty of '.nen in the case of per.cils 

'izA i f'.rrl'' : .tlic ':p:;tcr agency in tne case of r'^bnarines. Sinilarly, 
n',ri«' wi.. in research, and even applied research, into nethods for 

rSfiTxf s^t ^--ir^.n"". r'^rv ''fflf:i''nt except u.'^^n explicit contract. 

In :on.siderinf; g&vernr.?ntal svip;>ort for basic research, it is in- 
p<^rt«ir*-. to 'jn.ors%ind '^-.it r.cientif^c kncw^d^e is, in itself, a useful 
pr^dwCt. It ir «i puolic consul "tion ^s^o\. It is tippropnate to use sone 
of the ko-jTinlty's roso^irces to enlur^^e the stock of knowledge for its 
Own r.ake, BcitJic re'^.o-irch that /\€-i<is pire knowledge is valuat^le for 
,i«>ty. 

' n ich "^h^iuld not be nide of the defen^^e for an active ard extensive 
public 5riAn.-e j/C/li::y in terrr; of ser\r, ce as « public good. Exclusion is 
fi'":i^hle for pat»^n*<ji'>l o vl; "^co /er^e t <im, fur centuries, persons engaged in 

'r*'r.' r> •■arc »i have -^^ide unputerMhle or unpatented di over les and 
r'> • \^t^\ t> ^ ^"'■-.pral '^cn^nity. Huch people arc rewarded in the 
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c^irrvT.j j.>r(>rc'"-. u-il r";'i**' fr.A ei^^sj-^.-ct of their peers. Indeed, 
re-zarls of that sort carjiot bp procure J unless discoveries are revealed ► 

Zz^.G irf cf b'iSic r-^search ^cos on in institutions of hich'^r 
.r'..x Wit., -t J..-.'' :>ut.^*M. :.. 7::e.r ficul*itc are expected to 
tv er^MiN^j in joir.t vf>r.turt'^ in w.M'.h t^-^^y both co.Tiuhicate alread>- 
dirc v<!rc'i /t ^i- J/'* to t,'.»-*ir ^t.Untr u;, 1 al'^o seek to add i.icrerents 
to tJ-ie 5ta-K of Kr. U/. . They are paid, if they are succf»"fe5ful , in 
hi,;^.'*r lifetire ir. cr^ streams and by ir.v^tations to join institutions 
t*--it ar- c.\ i.-ic t'* :? •/ ir,'»-]^ -c* . il)/ rc i-.ttires Un^^ dialctTue* 

A:s^-Lin,; *J' it th""' ir^ent;.?-' uro ir' .ff.vient to recurc a sccdaliy- 
'■-♦l-u'. s::a;e of tiS^- reje^'-^h invpsf'^r.t; it is the proper c^.ecl2ll^cd 
J -< n •* o! , /••r---^":* V invest in rec^etrch. 

.'jr..-- I / en fronts th rrotle-: cf defminc the scale of 

vo-; ♦ -V" v.^-." .n the activity. T'.'" ^Mir.s arc real, but it is 
'I'ff.c/.t * t'* .r'^v i: 

M /rf one t'^ r»"<.' ^r*' tJie valj*^"^ t*^ y'.**/ of soravhat deeper under-' 
st.>;-i^- , f r t: , tr • , vjf t^'' ^ri-ii..i, of ener^;;* by QuaMrs, irrune 

;.r • ••1.^' i.r ir.i -c.'-^ at le^'.I^, t^- r;^ntnes;s of pol^rer*; frcn 

n np-'tr^."^" r*^'. ur.^^s, thr el-^'^tr-.n^c .str^ t^re of an ordered sulid, and 
t-<" J" (^-^ ,«>v of * r<^,:T i^ijT *n t^e f*irth'r. cruet in cor^pariton Wxth 

. r Vr .^r. ' ' i^^t, < ' ai' C'T'^icps to the prod'rV.cn of ^hich 

r«' f^';l'j'^i in r'> .*»c.r'-.": r.it'«t, h-ive bt^^-n put? 

Ir. pr.ic.plf', th" a' jrr-^r. "^-ir.tity of basic research iz thit 
.^^ : ^. w,^. i r.t^'.n. t-*- Tit" of ri™*irri i_n inv<-<,v»i, t in that activity to be the 
i-o ('. * ^ ra*/'^ ff rt'^.rii in. t in ot^«r llres, .jdju'"te'l for ri'''k. 
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' -me nlv of I ' .>ri invt-.tr/Mnt In yrivutc narket economc 
ao*.i«ities is a rcu<;h a;7.roxlr-ilion of the rnte of return to be 
s.-^'ht. frjr: j i-lic ir.ve*;^.'^.^ t In basic re:Harch. T^ic application of 
~. r. r"'. * *- " ^^''^ ^'^ bt'js\c research of 

".'v frc- .r.'T- "'•nt'^ of k; ^ » ^-o it j.roi.io-s, of ri sV , cind of the 
K', ri*^. i-> a h^fi'^ilt rule <v.p1y exj^.icltly and the UBk 

< f It fJ-nti 1 ):<>.'r.y -wc-idcd "«»ntal officehoIJers 

r / .T-^.tV.n,: thf- --ir-'-t to allocate r^r urces to rc^e-irch .'tno ar.ong 
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J'jst fts ijt v<»' r.ri'f)t ii'kn tht* ta{)«city to r«asure tho valu« of incrc- 
ncnta pure knowlodgc in the aggrtp.ite, it also lacks the capacity to 
nPH^'ore tr.c r^^i^itlve values of different incre-*ents of pure knt «(ledge that 
Kr»- J. < V r-i'.lr r^'.-Mrch war/ i r. Jiff»Tfnt f.flic. It cannot expl\citly 
T'lr./ -.*r i<'r t-rf> r^'-^'^-.t'. of /r.'.wlftj,;^ -f the c< r.^ti tu'-nt coriononts of 
b.»«Ji>. r»»i»*ir ^ nor ran it ar.'t^^r. then w*'l^;hts th^tt ir.^idate their con; -i na- 
tive /'ilu-^s ♦/O -o"-iMty. 

> /fr-'-ont -hoil^J 'tv ;i, if it can, -^.t-aMirer^r t t^tsir. that it cannot 
» y* ; . 

rr- ->i* f.-i-. f,r r.^'cr* ofMac r- -..rrh ^v,,],. ,vc^'i ; ^; oxr.l^rit 





8S 

tv,lanyi*3 ..t.-MI-^' " ^^'^ ^^'^ allocation of 

gov.rn.n.>nt^l resource, for ba^lc .ci.r.Mfic ros..u.- that wc^uld perrdt 

..^vv.-<i^. crr^cholVrs to a/.id C'.^ ^^xoV.cil eatiration of cost, and 

■ ^ , , . * , . ^ >^t» rather, aro-vc i-^ionti.-^ts. 

^, , ^, w ' M " < , . ^ f . . . 

^, > ../.>r..:nt or ;r "i'.^' of s l^- tl«.th m t«h<> q-jc-ue, lut would not 
... »v^.t --v.. r.>:.t.v. vTu.. .f O..- various avJ cUff^r.nt di.covc-r.os of 

W.<w>J.-' nw.y •>.-k tc a.v.^>ve. Tney would not M^ck re-fa.hion 
'r,. ^r..^-.r.> .f i '-rr s-.^-Mfic w rr. r^ut - nil i r*.Tlt its r.ir* lure to 

. . , i ( V w . (-f ,r, ii^ . i ^ ' " '^^ 



Mr fiiU)WN Let's have Dr Hill now present his statement. 
iThe hioKM-aphical skc^tch oi Dr. Ihll follows j 

N.rMtv of (),vuon Kuu.'nr OrtV-n whrr. ht^ ^v.i^ tormrrh \ v.k\ <;^/»^'^' J'^^^^^^^ 
Lnf .>t .<<u.lo,^ IhnMor ot th.- InMUwt. ior Soc.al lU-srarch, am I) mm o th 
U ,11 ... Nhonl ,>t C.tmnun.tv <..rMu- and I'uMu Allan. H.ll wcvim^ hi> HA ( <UH 

\r,.h' n.'tlm -.aiti. : ^.hrM' lu- ua. aNo a .tall ni.mbc-r nt thr Public Opin 

"'^1?.^^;^^^^^ h. ua. a m..nlu.r ol thv Matt of li.l! T.lrphonr Lahoratorio. In N.'w 

I , ot l.xa. V \u.tin and I>urdaM'niN^TMi> ir Wv^i LaJavKte, Indiana 

II. h I.-M, I .on.ullanl tnr !hr National N n'mu- Foundaton ami on the <ul\iM)r\ 
^,.„,j ,,f ,t. ^.>Mur (or ( .t,/».. . rT«iam iff aUo .rrwd .('Nrral term, on H'VU'vn 
rupoi^ lur Th.' \ itinr) d In.tjtut. <>♦ Mental Health 

Hnl he»T thf .ditnr ot NociometiN and ha. .crved oa the editorial boards of 
>v.r .! i.thrr (.rntr.M-ma lournaN IIl puhh.hed work mainh concerned uUh re- 
, „,h P..O,>.K th.' itr.fudelHhavini rela->.n.hip. the etfrct^ of ma- nMumunica- 
f,..,. ,,.,1 .Mon..! ' di/ .T.nn HiU ha. been ehvted to <i numb^'r ot pro e^.ional 
,r, I'idiru th. j.f.Hd. p \ "t rhv S(h iolouual A.MKiathin and tiie(oun 



STATKMKNT Oh DR. Kl( HARD J. HILL. PROVOST AM) VICK 
PRKSIDKNT FOR \( ADKMIC AFFAIRS. I NIVKKSITV OF 

()RK(;().N. ki (;knk.()RK(;. ^ 

Mr Hiix. Thank you. Mr. Chairman. 

F^i-inK" .^ixth on a hst of expertt; makes much uf what I have to 
say redundant. I am afraid 

Mr Brown Read fast m that section 
I)r HiiJ.. Th(7lik you. sir 

The process of re.suurce allocation in an open, pluraiibtic society 
bi'cumes increasing Iv e ritual when a\«ulable resources diminish. 
What .seenus to be mast ve.xing to man> of mv scientific colleagues 
i.-^ the app^irent irratiunalit> of the allocation process. The process 
is not well understood It is not even well described. 

C'learlv. iti the public sector, such decisions are political and are 
derived ft urn mjciuI and ecuntjnuL assumptions that change penodi- 
callv .uid are nevtT universal 1\ acceptable. Thus, we find ourselves 
in the tot«ill\ predictable situation where the process becomes an 
i>r.ae and when^ those involved in netting priorities become suspect. 

It hs ilearlv in mv >elf-interest to urge the Congress to increase 
-.upport for >«.u titifK rese.uch and development The multitude-jof 
jHohlenL> within the >cientiflc enter pri^e have been well described 
this mornmj^ 

I'tid*'! t AHtnig [Mjlitic.il .md economic conditions, the arguments 
advaiut'd hv tin- •^v.ientifu viHiimuniut> for increased general levels 
ol Ft'detal sU[j[j(nt prohablv will not carry the day. Thus, at least 
in the immediate future, the allocation of existing resources be- 
come.N increasingly critical \ 

It I am Correct, the proces.s of a 1 loc.it ing public resources is essen- 
tiaiiv politaal. ^md we niu.^t expect the assessment of probable 
MKi.il and ei^iHioniic pa.vtjfT to he an important consideration. That 
p^iviiff i.s manifested in the applications of science to the solutions 
'^1 (irohiem.s and in the tlevelopnuMit of new technologies, 

I In-iieve thai at an> moment in the total development of science, 
uin make verv good guesM's about those ar^as of activitv likely 
to havf {\w most immediate pavofTs Judgments of thl^ sort have to 
dij with wh.it has heen referred to cis the ripeness of science. One of 
the experts on the ri[)eness of science is sitting to mv right. 

An area ul science reaches this stage onlv when a gr'eat deal of 
w»iik h.is heen ati.orri[)li>hed and. perhaps mor*e critically, when the 
unportance of what is not known is recogm/ed. 

It ^(H-rus clear, for exarupU'. that hu)lecular and cellular' biology 
have reached the ripe stage It also is relativelv eas> to pr'edict that 
one ol the next sttiges of the high-technology revolution will be in 
the ^^re,l it hioenumeet ing Fuitlu^r. the social and economic c<>nse- 
tpinue^ til the^e ilev elopments are likelv to he of major significance 
in an.!-. diveise a> niediciiie and forestry To the extent that 
[MVoff 1^ a \.ori.sideration. the allocation of resourves to these ar'eas 
is mci-e.isinglv a low -risk venture , 

It Is impiiit.mt to M'cogni/e that when an ar'ea of science r-eaches 
thi^ ^tage ol matin it^ the ri'sourne hast» is likelv to change, with 
the pnv.ite M'l^tor becoming an increasinglv im[)orttmt' sourre of 
-uppnrt The drvelopinerit-^ in microelectronics clearly illustrate 
th»' priikiple .\> developments increase, the availability of 
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puhlK lumK h'ss uucia! for tht* conlinuod progress of de- 

U'lu[)im*nt«il .Ktivilv Stant* \)iih\[C n*M)urce.s will still be required 
tor basK- research, but tbe tundiiiM ^1 a[)[)hed rese<ircb and develop- 
ment can b^assumed by the private sector 

To the de^^ree that rel<j|i\el> immediate social and economic con- 
MMjuenu'N are a cuncern^ud^ments about the maturity of an area 
ol ^cirntilk inijUirv become iriiportant Herr 1 believe that the sci- 
entifa cunnnunitv is the onl\ segment of our society qualified to 
periuim ihv ta.sk Sci**ntists. 'at least some of them, do think and 
talk about the maturity of their fields 

Fur example, m receiit conversation with some of my colleagues, 
the judgment wa^ made that both the neurosciences and the psy- 
.hubiology ul cognition were nearing that stage of maturity where 
important iie^\ a[>[>hcations could be expected. If that judgment can 
bv valuicited. then the investment of public funds to bring these 
areas ul inquiry through that next st<ige of development is clearly 
a reasonable decision ' 

I believe that it ls possible to establish a mechanism to provide 
-Ui h asse.s.-^iiients of the various areas of scientific inquiry on a con- 
tiiiuuig Ijasis Scientists will disagree: for they, too, suffer from the 
iruduced bv self-intere.st. Neverthele.ss, a body hke the Na- 
tiuHcd .Xeademv of Sciences could assume the function of providing 
Congrcs.s With an ongoing assessment of the ripening process 

.Assignum high priuntv to areas of science nearing maturity will 
h.ivr costs to i>ihvi areas of scientiilc activity if the total resources 
.i\ailahle are not mcrea.^td I!ere we direct Iv confront some very 
hard decisions 

The Kedeial Cou'rnment nuist continue to be the major source 
ol support lur ba.ic research m dl^Clples that have not r^eached the 
^ta^e ol maluritv of. lor example, the physical chemistr-y of sili- 
u)n^, ^hort term 'p.Aoffb are not apparent and significant support 
horn the [)ri\ate sector should not be expected The long, tedious, 
and u)stlv [)rotes^ In whicli a disci[)line r*eaches maturity must not 
Ih* abandoned 

neeti to r.stabh.'>h a balanced and stable degree of suppor't for 
Immc reseauli acr;)s> the range of scientific discipline.s. We should 
lecugni/e that until conceptual, factual and technical maturity are 
achie\ed m a tield. applications are likely to hava^limited conse- 
qutMues. and ^iieh work should occiifjy a position that is lower on 
liiu list ot pnurities Sup[)ort of basic resear'ch should be seen as a 
lorm term public in\estmeiit. <in investment that has paid excellent 
divideiui-^ m one area alter another as these ar'eas have matured 
The central theme m the al)o\e is that in the ar-eas of basic re- 
MMiih ^^ientt>ts themselves .should be r'elied upon to set [)riorities 
both \Mthn\ and i)etweH»n areas of in(|Uir'y 

\- iHi>\e toward ap[)Ucatiun and technologv. the situation 
ihaoi^es It is m Its ,j[)plication that the J**kvll and Hyde character 
ul -siien*.** become^ ap[>arent .\ drug that provides tranquility also 
^•^iiil- in nialh»rmed infants \\r ar*e having other tr'oubles. trou- 
tliat thi-^ sulKornnuttee; Is widl awai'e of The public is con- 
term il ahiiut tlnNe issues, ao<i I ha\e bvvn asked to comment spe- 
iitualK on puhlie invoUement in the pr'ocess ol resolution 

I'he pLihh^ demand lor [)iv)tection against the ho\ e Canals and 
\\\v Thrce-.Mile NlancU wdl not rapidl> dissiyate. nor should it. 
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'I'liH ih'MKUnl f»*|i^urs thai high pnontv tu increasing oui 

it'M»ino'^ Ini th» u»'ru'r.il .i^^rs.sttu^nt ui a[)plu»d Mience and tech- 
iiul(ji;\ \Vi' tiiu.st ilfvrlu[> latlhci (uif ability to monitor, to collect 
adequalc lon^MtuJitial data, and to test sNstemat icallv the b>prod- 
LKts of applied "^cu'tue The kind of .scientific research required is 
I<jv\;;r<ide. iAlm routmr. and scientiHcallv not verv challenging, but 
it is I'sst-nt lal 

It ^\uald hr liiffkult to estai)lish -ach a nuniitoring system within 
thf iiiirt-nl stnutun^ ol uni\e!^ii\ rescarcli We .sliould not assign 
thr task tu thf [jri\ate lui loii.s retisons. The pi'oblems in- 

\(ilved are nt»t strKtl\ M<ile or loud in niiture. For example, toxic- 
it \ and it> [jiodiKt'r> tnigr»ite Thus, monitoring (unctions, I believe, 
naist be [n^rlutriuii within and supported by the Federal Govern- 
rnrnt Clearlv. some such activitv nou is unt|er way, and I do not 
int» nd lit niirnini/c the si^rufRanLi* of such 'Ingencie.s as the Office 
ol TechnolouN A>s('s^int»nt 

1 do iulu^xt' that the ieM)U!<.es lot scientific monitoring nc»ed to • 
In- iiicKvused and bt-ttet coordinated Certain Iv public trust in such 
a. tiMtv iuhhU ti) unproved lar beyond current levels. 

Th»' ijui'^thjn m1 whethe! (;r n(;t the public .should be involved in 
luniuriiiiu n st ardi and development [)riontie.s is not really rele- 
vant lr]i[)ut tatii si'i^iin nt.s of the public are nou involved, and in 
tututf d.^» usxiuti i)\ the matter, thi.s .should be taken as a given. 
KtfKM'tfi Pf»v\jTt ^ itAt'tit discu.s.sKin entitled "Tht' Public and Sci- 
riiir P»;luv' is -siu^i'siisc pM'Aitt treats the notion of specialized 
uul aflentivf publics Tlust pul)lics are self select ive. weFI-in- 
t (fiiu'd and t'tui'ain/fd Sdiiu' ul tlifst* [)ul)lic eniergi* as single-issue 
t itit'^ tfiat at;itat( a^^aiii-t variou.s >cu*nL't* and technology develop- 
iitt'hr- hut tfh*M' 1^ aNo t'vidence nt an attt»nti\e sci^»nce public that 
1- ^t iit-ralU -\Tn[MthetU' tossard scu^nce and \ocal in its support, 

Miuh lit tht [uibhc^ iiuuUrment to date ha.s had the character 
'f pf.i»t*-t. tnijia'titU If.tdm^ to public hearings and. at least *t)cca- 
^I'iimIK tu lituatioii li sse h\e m a period technological revolu- 
ti it aU > in a htmuius a^e. and d our plurali.stic society is 
tM bt luvt Mit'd [>\ \\v shtuild expect this litiguuis age to be a 

i'lu* in;. '^lw(! in f\isting advocacv {)rocedures bring me back 

t" tlu' ninnitoniu pruo's> discussed above KHective .scientific moni- 
t.tr.ru iHild t Apcdite !t'\H*w and lacilitate decisionmaking, if the 
fhunit.MiHU prod'H. gained [)ublK' conlidi^nce Thus, those who 
A.M4[il .ir.:ue th.jt •^u^. li itiutM^tnl niorutonnu would const itute costly 

''.•■t ft'uulat should o»nipan» th(» [lotential ol such a .svsteni 

li^vtai-^t the to«^t s ol cut rerit re^ulalorv policies 

1 lia^r atuut'd that it '^lK h nioiiitormfci s\s,tenis are to br ^'flective. 
•h.-^ in ivf .■on tfu' MiMtuienu' ot the [)ui)lic Brooks' discussion of 
-1. V -frrn- iiK i'Kif^ Ol mipva'tiUil sut^u't-st ion 

i« . -"t^.*^ • h\ lur^itl, ,<l\.i^,.r\ i:r(*un^ iiu'hul 

1 r- ,r \lf \U .>k- -^lN'nn^^t 

I t^M't \\"«' ti^v'tl t ) tnumtut thf ni*>nito!nm sv^tt'nis and in this 
• t^f" I I'.i nf!'. nu»Mi that nini bt is ot thf <ittentivf pui>lu' can [)ar^ 
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tK-ipah* it) .1 rniMtunulul Mrui u>n>tructi\i' Inshion Fui'thor. whon 
>iuli |KUlKi[><itM>n In H'w>uiu/t*(i and its iinporlanco acknowle(i|;ed. 
puMtiNo conseqiu'iKi' for i>uI)1k conHdi'iicr in tlu^ procoss might 
vveli follow. 

There l^ much morv that mvd^ to be biiid. Discussion o( public 
HivoKerfiPnt in ihv ^i^iiln^ of priorities relnted to science should 
MiD^idei tiui \aiii>UN attempt> tt> improve the publics understand- 
um ot science, the prohlem> <*[ providing effective science educa- 
tion, and the public, interest -^oe'nce mo\eni(^nt ( onsideration of 
such matter-^ uould re(|uire a ver\ len^'tliv (extension of these re- 
ma rk> 

Th<ink vou ver\ much 

The prepared statement of l)r liill tollow^^:] 
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Testisony btefore the ^ubcoRmlttoe on Science, Research and Technology 
and the Sxibcaataittee on Investigations and Oversight 

Richard J. Hill ' ' 

University of Oregon 

The process of resource allocation in on open, pluralistic society bccoraes. 

i 

xncreasmgly critical when available, resources dirainish. What seems to be nost 
vexing to sany of oy scientific colleagues^ is the apparent irrationality of the 
allocation process. The process is not well-understood. It is not even well- 
described. Clearly, in the public secto;:, such decisions are political and are 
' derived f roa social *and ecoqonic assumptions that change periodically and are never 
* universally acceptable. Thus, we fxnd ourselves in the totally predictable situation 
where th^ process becones an issue and where those involved in setting priorities 
bccoRc suspect; , * ' 

, it.JjJ ^clearly in «y self-interest to urge the Congress to increase support 
for scientific research and development. There is a multitude of problems within 
the scientific enterprise that needs to be addressed. In certain areas, the pool 
of highly qualified scientiJSts and engineers is so inadequate that vicious and 
disruptive competition for talent occurs. Within research universities that process 
is not new, but the intensity of the struggle is increasing not only among the 
universities but between the universities and other institutions both private and 
public. There also are areas in which our lack of support for instrumentation 
appvirentiy has led to a decline in our nation's standing within the world's 
scientific com:.\unity. F©r example, the earlier dominance of the United States 
in accelerator-related atomic and molecular physics has been eroded.^ This litany 
of woe could be extended, but X believe such an extension io unnecessary. The 
rcasc'ly for such troubles is dependent upon a general increase in tho level of 
support avaUt^blc for science. 

Under existing political and economic conditions, the arguments advanced by 
• the scientific cormunity for increased general levels of federal support probably 
will not carry tho 'day. Thus, at least in the immediate future, the allocation 
of existing "osoucccs becomes increasingly criticalj^f^ 

If X am correct that the process of allocating public resources io essentially 
political, then wo must expect the assessment of probable social and economic payoff 
to ho an Important consideration. That payoff is manifested 'in the applications 
of science to the solutions of problems and in tho development of new* technologies. 
1 believe that at any moment in the total development of science, wo can make 
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very gosxJ guesses abc'ut th^se areas of ^activity Uhely to have the most iasasediatc 
payoffs. Judgments of this sort have to do with what has been referred to as the 
"ripeness** of science.^ An area of science reaches this stag^ only when a great 
deal of work has been accooplished and, perhaps nore critically, when the importance 
^of what IS not )cnown is recognized. In describing hi^ work on lasers, Nobel Prize 
laureate Arthur Schawlow said: 

"Vou have to know something, but what you really need is to recognize 

one thing that's not known. And once you realize that you're looking 

for the gaps, it isn't so hard."^ 
As an area of science approaches "ripeness," the gaps in our knowledge are rore 
easily recognized, their importance is mure readily assessed, and progress can ^ 
advance n^^re rapidly. 

It sce'ts clear, for example, that molecular and cellular biology have reached 
the ripe stage. It also is relatively easy to predict, that one of the next stages 
of the hi9h-techng»logy, revolution will be in the area of biocngineering. Further, 
the suwial and euonurai^ consequences of these developncnts are likely to be of 
najor significance in areas as diverse as rsedicine and forestry. To the extent 
that 'payoff is a consid^/xration, the allocation of resources to these areas is 
Increasingly a low-risk veniure. 

It is Important to recognize that when an area of science reaches this stage 
of naturity the resource base is likely to change, with the private sector becoming 
an miroasingly ipportant source of support. The developtaents in microelectronics 
clearly illustrate the principle. Co.T.putcr and data .processing firms have owde 
generous contributions to university research and educational progrons, as well 
as heavy investments m their own research. As such investments increase, the 
availtibility of public funds becomes less crucial for the continued progress of 
developmental activity. Sowe public rcsourcc^^hJLl still be required for basic 
re Search, but the funding of applied reseai^gi^ana developreent can l)o assumed by 
the private sector. 

To thd ^degree that relatively inCTediato social and economic consequences arc 
a concern, judgments about the natuxity of an area of scientific inquiry bocomo 
important. Here I believe that the scientific coaaunity is the only segment of 
our society qualified to perforw the task. Scientists, at least some of then, 
do think and talk about the maturity of their fields. For example, in recent 
conversation with come of my colleagues, the judgrr^nt was made that both the nouro- 
sciences and the psycho-biology of cognition were nearing that stage of maturity 
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where iapottant now applications could bo oxpictoj. It that judgnont can bo validated, 
then tho invcst»S^^|f^ublic ;Eunds to bring these areas of inquiry? through that 
next stage of devclopoent is clearly a reasonable decision, 

* * I ixilieve that it is possible to establish a nechanisn to provide such assess- 
cwnts. of the various areas of scientific inquiry on a continuing basis. Scientists 
will disagree, for they> too, suffer fro.-n the biases introduced by self-interest. 
Never thclecs, a body like the National Acadeny o£ Sciences could assune the function 
of providing Congress with an ongoing assessment of the ripening process, 

.Assigning high priority to areas of science nearing xnaturity ^ill h»vo costs 
to-other areas of scientific activity if the total resources available are not 
increased. Here we directly confront some very hard decisions. My ^sition on 
the xcatter will not be well-received by all of ny colleagues, but I an convinced 
that It 15 sound. The federal governnent nust continue to be the major source 
x>f support for basic reseatch. In disciplines that have not reached the sUgo 
of maturity of, for exaaple, the physical choraistry of silicons, short- torn payoffs 
are not apparent and significant support from the private sector should not be 
expected. *Tho long, tedious, and costly process by which a discipli ne reaches ' 
naturity^ust not be abandoned. We need to establish a balanced and stable dogree 



. of support for basic research across the range of scientific disciplines. We 
should recognize that until conceptual, factual and technical laatutity ar« 
achieved in a field, applications are likoly to have limited consequences, and 
such work should occupy a position that is lower on our list of priorities. Support 
of basic research should be seen as a long-term public investnent; «n investnent 
that has paid excellent dividends in one «rea after another as these areas have 

The central theae in the above is that in tl\o areas of basic research, 
scientists themselves should be relied upon to set priorities both within and 
between areas of inquiry. This process should not operate in a social vacuum. 
Scientists, by and large,' arc aware of their obligations to the society that ^ 
supports them, but this awareness needs to bo made explicit and to bo constantly 
reinforced. The responsibilities of the science roircnunity deserve extensive 
analysis and discussion, but I will not consider iuch natters hero. ^ 

AS ^ novo toward application and technology, the situation changes. It is 
in its application that the Jekyll and Hyde character of science becomes apparent. 
A drug that provides tranquility also results in malfomcd infants. Our society 
takes for granted the benefits of applied chemical research, but the people of 
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Baton Louisiana, And rural Wdrrcn County, North Carolina, are now questioning 

the costs associated with tho&e benefits. The list of troublesome examples, as 

ncr^crs of this 5ubcon;.'3ittee well know, could h6 extended to an appalling length, 
« 

We have nxsnanaged the disposal of t^xic cbetaica^ wastes; the storage of radioactive 
wastes retnains an unsolved social problea, and so on. The public jls concerned 

about these issues, and I have been asked to cosiaent specifically on public involve- 

aent in the process of zj^olution. * ' 

The public denand for protection agafnst the Love Canals and the Three Mile 

Islands will not rapidly dissipate, nor should it. This denand requires that we 

give high pr'iority to increasing our *^sources for the general assessment of applied 

^ science* and' technology . We must develop further our ability to monitor, to collect 
adequate longitudinal. data/ ahd to test systenatically the by-products of applied 
science. As Professor Harvey Brooks hfcs stated, the kind of scientific research 
required is "low-grade, often routine, and scientifically not very challenging,"^ 
but it is essential. »> 

It would be difficult to cst^iblish such a raonitoring^ system within the current 

^ structure of university research.^ We should not assign the task to the private 
s<fctor for obvious reasons. The problems involved are not strictly state or local 
in nature. For example, toxicity and its producers migrate. ' Thus," nonitoring 
functions, I believe, raust be performed within and supported by the federal governiaent. 
Clearly, sone such activity now is underway, and I clo not intond fco minimizo the 



Significance^ of such agencies as the Office of Technol ogy Assessment, the Bureau 

of Standards, and the Food and Drug Administration. I do believe that the resources 



for scientific rranitoring need to be increased and better coordinated. Certainly 

public trust in such activity needs to be inproj/ed far beyond current levels. 

The question of whether or not the public should bo involved m influencing 

rci>ea(ch and development prior itios is not really relevant. Important segments 

of the publiu are n<jw involved, and in future discussions of the matter, this should 

be tAike.i as a given. Kenneth Prewitt's recent discussion entitled "The Public 
7 

and St,ifn*.e P.ilicy" is i,uggostive. Prowitt treats the notion of specialized and 
attentive public;^. Tlo^e publi<!s are seU*selective, well- informed and organized. ' 
Some of these publics energc as single-issue forces that agitato against various » 
5ci,ence and technology d o v e 1 '^pnto n t s ^ bu t there is also evidence of an attentive 
science public that is generally sympathetic toward science and vocal*in its 
support. My recent experiences associated with making university budget reductions 
are illustrative. Wp announced that^we were considering Closing the University's 
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Institute of Marine BKlogy. Within an hour of the announceaent, protests were 
being rcceivpd. Over the course of a aonth hundreds of letters arrived froa 
scientists, students, envirorL-scntalists, the tourist industry, and ccrebers of the 
state legislature^ Interested parties demanded to see the University's President. 
A.-aoag the'^Jharges was the cosraon assertion that in these tiraes we neede^ Dore 
scionce, not less. The fact that an attentive public was concerned about ^ 
university*priorities was documented, and the political nature of the allocation 
process was again dersonst rated; the Instit^e of Marine Biology reaains iiv 
operation. 

Much of the public's involvement to date has had the character of protest, 
frequently leading to public hearings and, at least occasionally, to litigation. 
If we live m a*pcriod of technological, revolution, we also live in a litigious 
age; and if our pluralistic society is to bo governed by law, we should expect 
this litigious age to bo a long one. The costs involved in existing advocacy 
^procedures bring nc back to the nonitxjring process discussed above, otlffectivo 
scientific nonitorJLng could expedite review and facilitate decision naking, if 
the raoaitoring process gained public confidence. Thus, those who would argpe that 
such iftcreased nonitonng would constitute costly overregulation should corap^ftre 
the potential of such a systen against the costs ot current regulatory policies. 
Consider but a single example. The data accumulated by continuous ODnitoring 
activity could provide information chat could facilitate the preparation of q 
cnvironnental impact statements and expedite their review. • ^ 

I ^av.c «?rgued that if such rvonitoriiu, sy.teas are to be effective, they nust 
%c,in\fte confidence of the .public. BrooI:s' discussion of such systems includes 
an important suggestion- ^ <, 

"Any'nonitoring or data collecUon system fihould be subject to a 
.continuing 'process oS review, assecsfrcnt, and possible revision 
by outside advisory gtu^ups including scientists, laynen and 
poUcy-nakess. The review should be nuch broader in its 
disciplin^^ry representation than the customary peer revieH. panel 
or research advisory conmittco to an agency. 

I agree. ' Wo need to ronitor the monitoring systems and in this task, 1 am ^ 
convinccd-th.t members of the attentive public can participate in a meaningful 
5nd constructive fa5hion. .further, when such participation is recognized and its 
importance- acknowledged, positive consequences for PubUc confidence ih tht. process 

' < <» 

n» 'At well follow. 
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There is laore thAt needs be said. Discussion of public involvenent in 
the setting^of priorities related to science should consider our ^various attempts 
to iaprove the public's understanding of science, Ctie^ problems of providing effective 
science education/ and the publid-interest-ccience movenent. Consideration of 
such natters would require a very lengthy extension of Lhese rectarks. 



1. Spe W. E. MeyQrhof (editor) Report on the Workshop on ^ccele^ator-Dased Atomic 
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6* The isodcJ. provided by the Agricultural Extension Service night be extended 
to cover scientific nonitoringi and such a service could be university based, 
ilowcvct/ developing such a sy^iten would be extroncly costly and would face 
serious problems of coordination. 

7. K. Prewitt, "The Public and Science PoliTcy,** Science , Technology^ and. Human 

Values i Spring 1982. For a soncwhat different position see D. Vankelovich, 
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"Changing Public Attitudes to Science and the Quality of Life: ^ Edited Excerpts 
from a Serjlnari" Science i Technology, and Hurfcin Values i Spring 1982. 
9. Brooks/ og. cit. , pp. •>l-22. , 

Mr. Brown. Thank you, Dr. Hill. 

Each of you gentlemen has presented papers which are Very pro- 
vocative and stimulating, and Ve appreciate them very much. 

I am hopeful that one of the results of this hearing can be^sort of 
a distillation of some of these key ideas which can be made a basis 
for more widespread discussion. » 

I think all of you have indicated and are aware of the need for 
broader public understanding and participation in making some of 
the judgments involved in this priority-settirtg process. There is no 
magic solution to any of jt. ' ^ ^. 

Dr. Hill, you. had a section of you,r statement that made a rather 
interesting comparison between science at a stage when it is devel- 
oping and at a stage when it is nctore niature, and it led me to 
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thinking at the time, looking at the f)rogram of the National Sci- 
ence Foundation, that we have a situation where there has obvious- 
ly been a sharp change in pblicies of support for science in which 
ihe more mature sciences are getting a substantial increase and 
the less mature— and I am thinking specifically here of things like 
the social sciences and so forth -are being relatively neglected. 

I would like to have you comment on that in the light ot your 
statement, how you see that as a proper exercise in priorities, or 
would you have criticism of it? u , • > t 

Dr. Hill. Well, I have some biases. I am a social psychologist. 1 
believe that the pressure for p\iblic> accountability of science and 
the political nature of the allocation process has led to certain em- 
phases on payoffs. I believe that is appropriate for the total society, 
but at the same time I think you have to stabilize the support for 
basic research across the range of disciplines. I do not believe that 
is a contradictory position. I understand the shift in support tor the 
mature sciences and the assessment of the probability of those sci- 
ences contributing to broader social problems. I am very much in- 
fluenced by such things as the 5-year report from the National bci- 
ence Foundation and the annual reports that they provide, and 1 
believe that- is a tremendous service to us in making decisions 

about priorities. , i.- j i.u 

Mr Bkown Well, I was going to raise that. You mentioned the 
5-vear outlook. The reason those were included as a specific compo- 
nent of the act setting up the Presidential Science Adviser was as 
an aid in this priority-setting process, and I gather, from your cori- 
ments that you feel that this is a useful tool in allowing judgments 
to be made across scientific boundaries with regard to re ative state 
of maturity and state of opportunities for-further development in 
these' sciences;. am I correct? 
Dr. Hill. Yes, sir. , ^, ^> i 

Mr .Brown You have discussed at some length the general role 
of monitoring functions, and I am still not clear in -my own mind 
how to laest incorporate this particular/aspect of science into the 
overall structure of support for science,/and I have wrestled with it 
'for a number of years. It seems that support of this kind ot science 
is going to be criticized from variojis quarters, but for example 
within the scientific community o/ the grounds that you have 
■ enunciated here that it is really no/that e:iciting a science. 

Dr. Hill. True." / . " f u -i 

Mr Brown. It is a science which may not attract the most Drii- 
liant minds in a particular field, and yet it is essential, for social 
purposes. Is there any other grounds that we can use to justity the 
suppoVt of it ofher than the importance of its role in well, say, im- 
•• proving the quality of life for society? Can we tie it m with the 
matter of public education in science or with^the element that-you 
are quite familiar with, the improvement of public participation in 
science, and bring about a stronger base of justification tor it in 

^-.Dr^.Hu',L,J-believe„you.can.I-think lh^s.cienLific^mmu^^^ 
to recognize that until we have better public understanding of sci- 
ence stronger science education, that the public is not going to 
make sharp distinctions between the science as a basic inquiry into 
nature-'and the byproducts of science which are occasionally very 
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costly to pOpuhitioiib. Science is seen as a lump of activities, and it 
ib in the best interest of the scientific community, no matter how 
pure and pristine a particular scientist is. to be concerned about 
the public's perception of the costs of science as well as their bene- 
fits, *and the costs of radioactive waste leakage, toxic waste prob- 
lems, the possibility of qlimatic change as certain fossil fuels are 
consumed in greater degrees, and so on— these are things that the 
puliflic, the informed public ddes know about and is concerned with, 
and if the scientific community does not respond to those kinds of 
problems, the scientific community itself will in the long run I be- 
lieve lose the 'kind of support that we are so dependent on. It is a 
matter of self-interested responsibility on the part of science. 
Mr. BuowN. Do you have, any questions? 

Mr. Walgren. I apologize for being ab^&nt, and perhaps this sub- 
ject has been covered, but is there a way that you could make an 
estimate of what the optimum level of investment in science, either 
field by field or overall, might be? We always think we are under- 
funding, and these days there is the rush to cut Government bud-^ 
gets just tb cut Government budgets, regardless of what they are. 
Are there scientific models that^could tell us whether our society is 
overinvesting or underinvesting for an expected yield? 

Dr. RorrKNBERG. There is a model to determine hovy resources 
ought to be alloctited to alternative uses. Economic activities ought 
,to be of relative sizes sucH that the return on investment in all ac- 
tivities is normal. The problem ic that in the case of activities, like 
scier;£ific research, there are many 'variables that are difficult to 
measure explicitly. If there is a group of researchers in the field of 
biochemistry who are discovering something new about molecular 
cells, it is difficult to know what value to put on an increment of 
pure knowledge of that kind. It is difficult to know how long that 
increment of knowledge is going to survive before it becomes intel- 
lectually obsolescent, before another team of biochemists discovers 
something which makes the prior knowledge untrue. It is difficult 
to measure the magnitudes of the variables that are relevant to the 
generation of the rate-of-return number. Therefore, it. is difficult to 
know whether wrong sizes or right sizes are being generated. In 
principle we know what it should b6. It should yield a rate of 
return on investment which is equal to the return on investment 
in other lines. Empirically measurement is what is difficult. 

[The material follows:] 

U lb fur that reason that 1 have su^Kosted that, in the case of applied research, 
thv i^cali' uf tn^'L-.stinont in duer^e fiulds and projects should be determined by the 
matket, rather Hum by guvernmental ofnceholders who plan the allocation of re- 
»farch funds. The market tendb to casue socially optanal scales of ifivestment to 
oaur And it js for the same reason that I siigj.a*st that, in the case of basic re- 
MMithi uuvununent agencies engaged in fundmg research should avoid the rank-or- 
dering u/ fields and piujects but .should, instead, attempt to seek out scientists of 
tnteliectlial athie\ement and promise who woulfl be funded for the work they do> 

Dr. Weinberg. The question you raised of course is almost the 
central question in science policy and one of the main issues dis- 
cussed in this book that was published 15 years ago under the aus- 
pices of this committee, **Basic Research and National Goals." The 
view that many of us took in putting together those considerations 
at that time I think may be relevant today. As I said in my testi- 
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mony, we argued that the concept of ^science as a whole, which' is 
perhaps implicit a little bit in the way you phraspd the question, 
how much money 'should we be spending on science, was really^ an 
improper way of setting the issue; that niuch scienne—in tact, most 
of the money the Federal Government spends far science, is not 
spent for the most basic kind of activities that have no relevaitce to ^ 
anything, but instead are spent by the mission-oriented agencies aS 
a means of accomplishing their mission. . i 

Now, we do not particularly ask— I do not know—we do not ask 
NASA, .how much money should you, Mr. Administrator ot NASA, 
spend on transport in achieving the mission ot NAbA.'' We do not 
ask them how much do yoif spend ori^accounting to achieve the- 
mission of NASA? And we argued in basic research and -national 
goals that, in the same spirit, applied science ought to be viewed as 
an overhead expense to be tied to the mission that the science was 
supposed to accomplish. i v 

Now, overhead expenses are always the most difficult ones tor a 
company to decide on. How does a corporation decide on how much 
money it ought to spend on advertising? Well, it tries to use the 
signals .from the marketplace to decide whether it is spending too 
much or too little, but the signals are not very precise, and there-/ 
fore it finally comes to somebody else's judgment The opinion we 
had here was that it was best to allow those judgments to devolve 
on the people who were, responsible for accpmplishing the mission. 

There remains the question of what do you do about the general 
residuum of science, which I have called intrinsic basic research. 1 
try to argue that that should be regarded as an overhead expense 
against the entire scientific and technical enterprise, which includ- 
ed not the manufacture of materials, but rather the total applied - 
scientific and- development activity. At the time basic rg^earch and 
national goals was written, this was a rather" small fi'action ot the 
applied scientific and technical enterprise. . 

As was pointed out by Dr. Rottenberg, there are difficulties in so 
viewing basic research; at least in the case of the small-scale basic 
research, it is probably correct that if you let the scientists, gov- 
erned as they are by the interaction between scientists and be- 
tween competing scientific doctrines decide, they will by and large 
come out with a good allocation. However, they will not come out 
with a decision as to how much .the entire scientific activity ought 
to command. Indeed Harry Johnson, this famous economist that we 
scientists had so much trouble with 15 years ago, argued that that 
was sort of self-defeating, because if you allow even the best scien- 
tists to say how much we are going to do here and we say we are 
going to support them, then you have built in a very strong attrac- 
tor, and people will start moving into those fields, and so that tield 
will start getting larger and larger, people will find jobs, find ways 
of making a living as well as a way of life in that kind o{ science, 
so that that by itself is not sufficient. I guess that is the main ob- 
jection that I would have to too complete a depondence on the in- 
tellectual marketplace for establishing the levels of scientific activ^-^ 

Mr. Walghrn. Thank you very much. , . . t 

Mr Brown. Well, let us continue this discussion for a minute. 1 
think you gentlemen all suffer from the sin of overrationality more 
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than anything else. The problem of setting priorities in science 
could be left, to .scientists in selecting the best scientists, but take 
the national health rield..\^e are devoting a great deal of money to 
research, in the causes of disease. We are getting into basic biology 
to try and Understand cancer and so forth. Most of the diseases 
that we have solved have not been solved^ that way. They have 
been solved by attacking some other aspect of say the cairief or 
buniQthing of that sort without*kriowing too much about the basic 
mechanism. 

Suppose the attack on the basic mechanism is fundamentally 
wrong and we should be devoting ourselves to some other area. 
What mechanism in science would bring about that kind of a direc-^ 
tion, or to look at it even more broadly but still in the health field,' 
suppose the real problem is we live in an unhealthy society, and 
that all of the factors of this society are stress-producing, and lhat 
we really need to devote more effort to healthy lifestyles and a 
healthy social environment rather than we do to the basic causes 
of disease. Where in the medical profession are you going to get 
that sense of priorities reflected? 

I do not quite see that, and it leads to tKe idea that there needs', 
to hv levels of priority-setting in which the fundamental decisions 
babicall> move up I guess through a political ladder, and we hope 
that we get more reasonable politicians inHhe long run. You could 
^ use thi.s sort of an analysis for energy, as yoiJ well know. Perhaps 
the whole focus of energ>' research, which basically now and over 
the Jong run has been enhancing energy supply, conceivably could 
be wrong. Perhaps we ought to design a society which uses the 
leabt amount oT energy and solve our problems that \vay. But there 
is vQvy little in the system that allows us to look at the problems 
from that sort of a standpoint The vested interests are- always con- 
trai} to taking that approach which rises above the current situa- 
tion. 

^ D\\ Ro'ri'KNnKKCi. I think it is true that professionals will be spe- 
^.taii/ed in their perception of problems because th^re are disciplin- 
ary constraints which their studies have imposed on them. Biolo- 
gists and chemists will look at disease problems in ways that are 
outgrowths of their training. But the scientific community is not 
composed just of those. It includes also social psychologists qind 
epidemiologists. 

Mr. BaowN. But they are not getting any, funding these days? 

Dr. Uii.!.. We .are getting some funding for epidemlglogical ^e- 
seai'ch. * 

Dr. RorrKNBKKu. WMiether they are funded by Federal Govern- 
ment agencies or not, they are engaged in research. That is to say, 
the universities fund them by requiring them to appear before 
classrooms on the order of (i hours a week. The rest of the time is 
theirs .to do scholarl> vvorl£?'So even without Federal funding, some 
are'engaged in research. If, in fact, the stress is the progenitor of 
disease, it will bo discovered, because the sense of the scientific 
communitv will cause those researchers to search out fruitful re* 
sult.s. * , . 

Dr, Wkinhkiu;. I guess I would simply point out that we must be 
doing something that is very right if we^^look at the health of the 
American society. Our life expectancy has increased a couple of 
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years in the past decade or so. One of the*things that I would per- 
haps take issue with my distinguished colleague from the Universi- 
^ ty of Oregon is in his stress on a greater concern with the envirorir 
ment, the implicatipn I suppose being that well, if you clean up a^l 
these things in the environment, then we are going to live longer 
v^nd live better, but we<are already living longer and we are living 
better. Some people speak about a cancer epidemic. There is no 
cancer epidemic. We are living longer. We have so much improved 
the survival against death from cardiovascular disease that many 
of us are becotningsprey to cancer,^ though the fact is that the age- 
adjusted tofal cancer mortality -has hardly changed. 

It is true that lung cancer has gone up because of Qigarettes, ev- 
erybody believes, but stomach and colon cancer have gone way 
down. There is a recent report from the Framingham study (Jour- 
nal of American Medical Association) ^ in which the question/is 
' asked ''Could smoking.be good for us as far as cancer of the stom- 
ach and colon are concerned?'' If, for example, as some of my Col- 
leagues believe, people who. have a^edisposition for cancer, if they 
' smoke too muqh. will be taken by lung and therefore will not be 
/ eligible for being taken by stomach and colon. It is not a trrwal 
y idea, and tTiere may be something to it. . . _ ^ 

I would like to get into this colloquy with Dr. Wyngaarden, be- 
cause this is not the official view of the NIH. With respect to how 
these priorities get set, they ultimately of course are political deci- 
sions. One of the biggest decisions that was made in the health 
field as you remember. Chairman Brown, was the decision to solve 
• T« cancer, Roger R. Williams et al., so we established this national 
plan and we are up to a billipn dollars a year to try to solve cancer. 
TV fact of the matter is that we are living longer? which means 
that somehow we are doing something right. . , . j 

. When all is saidj^and done, apparently richer is healthier and 
^ richer is safer. The richer we become the longer we live. 

We kind of forget that we are all mortal, no matter how medical 
science advances, the probability for dying for everybody m the 
room is unity. , . . . 

Mv. BuowN. Let me ask pi)e additional question. What is the 
effect of a period of high inflation and high interest rates on the 
funding— on the economics of fun'ding basic reseanch, which has no 
short-term economic benefit? 

Dr. Hill. In certain areas it drastically reduces the usable re- 
sources available. I think you see this very well illustrated in cer- 
tain problems of instrumentation, where because the basic research 
budget has, not kept up with the increase in cost due to infiation, 

our ability 'to keep at the state of the art . 

Mr. BuowN. You, are mentioning the pracMcal aspects of it. 1 
want Dr. Rottenberg to tell me the theoretical aspects. 

Dr. RorrENBKUG. I think it may be a false premise that basic re- 
searcli produces fruitful results only, in the long run— I think that 
may be a false premise, because it assumes that the value to soci- 
ety of basic research is the fallout of practical applications that 
occurs in the long run. If it is perceived that the product of basic 
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research ib not the lallout of practical uses, but rather the incre- 
ments to pure knowledge which is generated by the research they 
may be as short run in being realized as the results from applied 
research. If you think of basic research as adding incrgments to the 
stock of pure knowledge, it may be that we must wait for them for 
no longer an interval than the period in which we must wait for 
the results of applied research. 

Mr. BuowN. Can you quantify that economically, the benefits of 
additions to pure knowledge? 

Dr. RorrENBEKG. No, w^at I said in my statement was I cannot, 
and that is the big problem. I do not know what the comparative 
values to society are of increments of astronomic pure^ knowledge 
and increments of knowledge about the physical qualities of* 
metals, and so on. If it has no applied use but is simply an incre- 
ment of pure knowledge, it is difficult to measuje its value or it 
may be impossible to measure its value, and that is precisely why I 
have difficulties in suggesting what the appropriate scale for soci- 
ety is of basic research and, within that the magnitude, of Govern- 
ment support for basic research. 

Nov;, let us go back for a moment— suppose you perceive that 
fruitful rubultb of basic research occur only when applied uses fall 
out in tlir end, and suppose it takes a long time for that to Happen 
then the higher the interest rates, the less valuable in the present 
are those fallen-out results dista»n in the future. High interest 
rates imply in theory that it is less worthwhile Cor society to wait 
for the f.^uits of its ihvestment and, therefore, they imply less sup- 
port for basic research than do low interest rates.v 

We must be careful, however, in the "reading' of nominal inter- 
est rates that we observe in the marketplace. Nominal interest 
rates Huctuute fi'om da> t,o day and interest rates differ, one from 
another, depending upon Ihe uses to which loan funds are to be 
put, the creditworthiness of borrowers, the nature of collateral, and 
other variables. 

Mominal interest rates are not relevant to decisions about the 
support of basic research. Nominal interest rates should be decom- 
posed into the component that compensates for expected increases 
in prices over time, the component that compensates fpr lisk, and 
the component that conipensates for the "painfulness*' of waiting. 
-It is onl> that . last coniponant that is relevant to the basic research 
buppurt decision. That coinponelit:— the payment for waiting— is, of 
course, much more stable over time, than are the nominal interest 
rates observed in markets. 

If the part of interest rates that piiys for waiting does not rise 
from one period to another, the proper inference ^to be drawn is 
that support for basic research should not be diminished, even if 
marketplace interest rates do rise. 

That is (Consistent with what you expected, I take it. 

Mi;. Bhown. Yes. quite consistent. 

Thank you verv much, gentlemen. We appreciate your testimony, 
and we will look forward to hearing fi*om you again. 
I am going to go back and read Polanyie. 
Dr.AVEiNBEKO. So sKall we. 
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Mr. BuowN. Last, we have two distinguished representatives of 
State government to help us out in this question. I would like to 
invite both Dr. Lindsey and Dr. Casteen to come forward, . 

Dr. Lindsey is science adviser to the Governor of North Carohna 
and Dr. Casteen is science adviser to the Governor of the Common- 
wealth of Virginia. 

Would you proceed, Dr. Lindsey? 

[The biographical sketch of Dr, Lindsey follows:] 

Dk, Qukntin W. Linusky 

Backjiround in analyi>Ls uf the structural orgauizatiou of societies, includim; the 
de:,ig» ot instituti»ini> and the formation of policies aud programs e'sseutial to devel- 
opment ami change K.\per»ence irrcludes iD principal investigator for a number of 
rei,earch projects uhile with the Research Triangle Institute, <^)y6ssistmg the Oov-^ 
ernment of Egypt m planning the ube of Egyptian scientific resources la the devel- 
opmetit of Kgvpt U5> studv of the Research Applied to National Needs programs of 
the National' Science Foundation. [\i numerous short assignments in Asia and 
Alnca tor the Ford Foundation. U.S. AID and the United Nations. (5) advisor to the 
Government of Nepal tbix vears), advisor to the Government of Burma (one year); 
and i7» graduate teaching and research height years) relating to'the economic, social ' 
political and philosophic foundations of national policy, • , . 

Positions Held.— August lo, 1977 to date. Science and Public Policy Advisor to the 
tiovornur ol North Carolina. North Carolina State Government, 110 West Jones 
Street, Raleigh. North Carolina. 27()ll Telephone: (919) 7:W-(k)00, 

i9i)9'77, research Triangle Institute. I^esearch Triangle Park. North Carolina 

l^)b^-^>9, vislmg professor. Carolina Population Center and Department of Eco- 
nomics. University of North Carolina. ..... ^ * r 

* lJHi:^''l)\ economic advisor and Project Deader. His Majesty s Government o! 
NepaH Ford Foundation*. - 

V.)()l-02, economic advisor (Ford FoundatioiiK Union of^Burma 

ii*:;:>-bU associate professor. Department of Economics. Norlh Carolina State Uni- 
versilv. Raleigh. North Carolina. ' /. - 

liir>l-ol, project feader. Southeast Research Committee (An association ol Econom- 
ics Department.^ of southeastern universitiest. . IT • 

Education -BS.. Economics. University of Nebraska, 1918 MS.. EcononucS, Uni- 
veritity of Nebraska, U^.'jO, Ph.D., Economics. Harvard University, IIHJO 

List of (mblications available upon request. 

• , STATEMENTS OF DK. dUENTIN W, LINDSKY, 'scilENCE^ADVISER 
TO THE GOVERNOR, STATE OF NORTH CAROLINA 

Dr. LiNDSK\. Mr. Chairman and subcommittee members, I thank 
you for the privilege of appearing before you. My written testimo- 
ny, which I provided in advance, is too long to present verbally. 

Mr. Brown. It will be in full in the record. 

Dr. LiNDSKV. Therefore, I will summarize that testimony now and 
acid £1 few comments and respond to questions if you have any. ^ 

In view of the questions you have been raising with others giving 
testimony, I should ioject here that in making decisions" with re- 
spect to where our resources ought to go relating to scientific re- 
.searoh, my preoccupation has been with the balance between basic 
research and those processes by which we insure that society uti- 
lizes and b'enefits from research. 

The thesis of mv testimony is that the center of gravity for tech- 
nological innovation in ihe United States ijiust shift from the Fed- 
eral level to the State level. This thesis, and associated reasoning, 
lb taken from an address by Governoi* Hunt at the anriual meeting 
of the American Association for the Advancement of Science, last 
January. 
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Technological innovation, in this context, refers to the use of 
basic scientific research for creative, peaceful, purposes, within the 
United States and throughout the world. It does not include use of 
science to further military purposes or space exploration. 

Such a shift in leadership from the Federal to the State level re- 
quires a working partnership of State and local governments, in- 
dustrial workers and management, research and educe tional insti- 
tutions, and people. This partnership is feasible ai the State level, 
provided principles of integrity, justice and mutual concern for the 
well-being of all people guide the working relationships. 
' It is not so feasible at the Federal level, given our antitrust legis- 
lation and the processes by which influence is brought to bear upon 
government, large, sophisticated organizations find it is to their ad- 
vantage to lobby a large central government; it is more difficult to 
influence 30 States and hundreds of local governments. Conversely, 
numoroub ^mall and less sophisticated firms and organizations, and 
individual citizens, have difficulty m» influencing a large central 
government, but for common interests they have easy access to 
State and local governments. 

B> technological innovation, I mean those technical and organi- 
zational changeb that result in new and better products, in modifi- 
cation of human relationships', and in the retraining of people for 
different rules in society as robots and other sophisticated methods 
become possible through scientific exploration. 

Japan and other nations are surpassing us in perfecting these in- 
novative processes. Given the size and nature of our society, I do 
not bulievo that it is possible for the working partnership of which 
I bpeak to be administered or otherwise achieved when the primary 
thrust is centered in' Federal agencies. 

For military and space purjwses, DOD and NASA initiate inno- 
vative development and new Vvoapon systems and space shuttles-- 
cmcTare also the customers that acquire and utilize these new prod- 
ucts. Federal leadership in this case is essential. But for the larger 
and more complex aspects of private sector consumptioti and inter- 
national markets, the working partnership must be decentralized 
to the State level. 

The scope of activity of which I speak must range from improye- 
mento in elementary and secondary education, particularly Mn sci- 
ence and mathematics^ through the structure and functions of re- 
.^earch and higher education, and encompassing the institutional 
relatiun^hipb and operating procedures comprising the innovation 
process itself 

Bv the innovative process, I refer to venture capital institutions, 
mcubator conditions whereby innovativci. concepts stemming from 
bai>jc research are brought to fruition, and other activities essential 
to effective utilization of research results^. 

I. contend that the requirements of technological innovation for 
peaceful purposes are of sufficient magnitude and complexity to 
jubtify creating a special task force at the Federal level to explore 
the proce^b carefully and to recommend essential policies and pro- 
cedures, including structural changes that may be necessary at 
^both Federal and State levels. 

Governor Hunt has suggested that something analogous to the 
Morrill Act, which created the land grant college system, might be 
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the result. The implication is not that a new set of institutions 
needs to be created. On the contrary, it is that a redelinition and ^ 
clarification of Federal-State relationships is essential. 

In reviewing the material that your staff provided as background 
to this hearing, I was disappionted to find that neither Ur. 
Keyworth nor Dr. Press nor Dr. Stever saw fit to consider the po- 
tential role of States in the pursuits that I have emphasized. 

I have very high regard for these gentlemen and attribute this 
omission to, first, the fact that none has had experience in operat- 
ing at the State level and second, that physical scientists who are 
preoccupied with basic research are not accustomed to dealing with 
the organizational structure of society nor with the processes by 
which the results of basic research are utilized. My testimony is in- 
tended to be a step toward filing the gap that Presidential science 
advisors tend to overlook. . u 

Finally I feel com'pelled to close with a personal observation as 
to the importance of the approach that I urge Congress to consider. 
The responsibility for this observation is mine alone, although I 
suspect the issue to which it relates troubles us all , 

The point is this; Utilization of the power of science in the 
United States and in the U.S.S.R. is now dominated by military 
purposes. Nearly S24 .billion of the $42 billion Federal outlay for re- 
search and development fiows through DOD. In the words of a phi- 
losopher friend of mine at the,University of.N9rth Carolina this is 
madness; particularly uses directed toward the perfection bf nucle- 
ar weaponry. i ^ • • lL' - 

Madness is used here in a way analogous to use \h the movie 
**Bridge on the River Kwai." There, jjou may recall, a career army 
colonel and his troops, as^ prisoners of war, constructed a railway 
bridge in the jungle of South Asia. The bridge was for use by their 
captors and they were driven to build it by their scientific and en- 
Lnneenng skills, together with* their organization and discipline, 
forgetting that it would enhance the destructive capabilities of 

their captors, , . , . \ , . 

Upon completion, the bridge was blown up by a special contin- 
gent of troops who came to destroy the'bridg6 and perhaps rescue 
the colonel and his soldiers. But 'i^i destroying the bridge they also 
killed the colonel and many others, and were aghast to learn that 
it was the colonel and their own troops that built the bridge, not 
the enemy. A member of the rescue contingent, upon realizing the 
full import of the terrible scene of destruction, termed it all sheer 
madness. ' ^ a 

But who was mad? The colanel? The rescue team? Or were we all 
mad, friend and foe alike, to have created a situation that could 
LMve rise to such carnage? ^ . ^ r 

In this scene on the River Kwai, the destructive capacity of 
human beings was at once caused by, and limited to, the power of 
science as demonstrated by the engineering feat of building the 
bridge and the power of the explosives that destroyed it. Hereto- 
fore in the historv of civilization, the destructive capability of hu- 
manity has always been limited by the limits of our own scientific 

knowledge. . , - i i 

Now, however, the limits of this knowledge, particularly as mani- 
fested in the perfection of nuclear weaponry, have pressed our de- 
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structive capability be>und the limits of civilization. We can now 
destroy ourselves and the civilization we have created. Thejimits 
to scientific knowledge will no longer protect us. 

Underlying my emphasis upon the use of the power of science for 
creative purposes, for perfecting the process of technological inno- 
vation 'for the benefit of this and other societies, is the conviction 
that we will not move away from military dominance until we can 
visualize clearly a better alternative, that is, until the potential of 
military influence shrinks in proportion to the potential of other 
measures. 

Implicit in this view is the proposition that there are substitutes 
for military force in dealing with human affairs. To put it very 
simply, in my view, the slogan, **the best defense is a good offense" 
has relevance here. 

The Department of Defence outlays for R&D are by definition de- 
fensive. A strong military offense in world affairs is reprehensible. 
But deliberate use of the power of scientific knowledge for the cre- 
ative purpobub I have suggested in both domestic and international 
pursuits is an offense that Is both morally and politically accept- 
able. 

Thank you. 

. [The prepared statement of Dr. Lindsey follows:] 
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CO Che 

SCIENCE, TECHNOLOGY AND RESEAI^CH SUBCO^UTTEE AND THE 
OVERSIGHT SUBCOMMITTEE OF THE HOUSE COMMITTEE ON SCIENCE & TECHNOLOGY 
^ SEPTEMBER 30, 1982 



Incroduccion 

Mr' Chalman, 1 an QuenCin W, Lindsey. Science and Public Policy Advisor' 
•co Governor Uaocs B. HunC, Jr. of Norch Carolina. I ao pleased Co be able co 
appear before you today. 

The issues which you have chosen Co address during chese hearings are of 
great concern Co us in North Carolina. Governor Hunt, .as Chairnan of Che 
National Governors* Association Task Force on Science and Technology, and 
Chainaan of the Education Conmisslon of the Slates, also has a keen interest 
in science and engineering R&D priorities rfcross the country. 1 an fortunate 
In having worked wicji ocher governors and cheir science advisors as we scrlvc 
colK-cclvely to establish an agenda for cooperative ventures into science and 
technology in the 1980' s and beyond. Of course, ve have taken several steps 
In^an-cfforc Co move our oun state into the forefront of technological de- 
velopment. 

: connend Dcnbers of th^se subcocnittees for th*? important steps you are 
taking to explore the actions necessary to create a national consensus for 
setting priorities in science and technology research and development. 

Underlying Principles ^ 

The ability to transform advances In scientifie knowledge into new or 
iaproved products and services underlies virtually ever3^ improvement in 
economic productivity and social well-being. Fo- years during and following 
World War II, the. U.S. led all nations in utilizing scientific knowledge in 



dftveloping new products or improving those in existence. Now, we are being 
surpassed by other nations and a serious crisis 15 emerging: Basic research 
accomplishments no longer percolate through the system with sufficient 
rapidity and effectiveness. Wl^ereas U.S. Government expenditures for R&D are 
ItDpresslve. the extent to which the results of research are ycil-zed by stace 
and local governmencs. by fedpral agencies and by privacc induscry for Che 
benefic of society Is disappointing. Japan, for example, drawing upon basic 
research results generated in the U.S., Is exceeding ou*r ability to transform 
fundamental knowledge Into useful products with worldwide market potential. 
Concerning human health, to cite anotJ er Illustration, more scientists An t^c 



^This section Is derived from "Academia, Industry and Government: The 
Organizational Frontier of Science Today," an address by Governor Jares B. 
Hunt, Jr.. at the Annual Meeting of H^e American Association for the Advance- 
cent of Scionce, Washington, D.C. , January A, 1982. A copy Is attached. 
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l.S. havt received Nobc: award? than in any other lountry in the worlds laany 
of vhoD arc m health-related disciplines. Vet' our citizens ore no lortger 
^ud^ed to be the "healthiest" by standard cjcasures of health, and tlie cost of 
health services is beconing scirio^sly inflated. 

Fconoalc productivity i$ deternined by . several factors, one of which 
consists of the results of basic research. The fact that our productivity has 
leveled off ami even declined somewhat cnnnot be attributed to a void in 
fundancnt.1} knowledge. It is nort properly ascribed to our failure to nakc 
effective use of what we do know. 

** The present i?ituation present^ a challenge to ^our ability to innovate 
coaparablc to that whith we faced in World K.it 11. The overriding question 
nov, as then, ih hou to organise our ren.irkable scientifict engineering and 
technical capability .« Now it should be for peace; then it was for war. 

The *>ituatiun both then and "now dem'ons^t rates the central laportance c^f* 
j^cienvc and te<,hnoiogy to thxs or any society. It Tel lows » therefore^ that 
those who device the orf .nizational Beans to resolve this emerging crisis— wh^o 
>uc^.es'>f ullv redefine tht role of governraent in relation to research' and 
cdu^ation% to industry .ind t^ the general public--will also r«np the rewards 
oi I'c^ncnit and political support inherent in the fundanental desires of 
Ar.««ric.in\ tlir^'ughout this cour.try. The inportante of technological inn ovation 
.uiNes trcT* thf fact that no nuderp society can functiw as such today without 
cakinK etivvtivc u;.c uf scientific knovledi;e. Our military strength depends 
upon It. hxl ot greater significance to the emerging crisis today is the 
depciiHente of ociMU'Ciic product ivitv upon our ability to innovate, both Cech- 
nlcally and <»rgattl^at lonally . The problen X8 that we still have essentially 
tht '^vioe or^arlzat lonal structure for science and technology that was designed 
in World War U and the Korean War. YeC we need a structure norc in accord 
with conditions of t^Jday. 

Federal e^pcnditufes now dicalnate all research and development in the 
Ml Hon out of a total of more than $70 billion. VI thin the federal 
outlaws, de^ unt.e-rel.ited expenditures are by far the n^^st dominant category — 
billion out of $42 billion. Thus, in several rci>pccts, it nay be said 
that science and technology ha\e ridden the coat tails of defense and space 
si'ice World War H. 

Thf unique ,*^pcct of military and tp<icc rt<;carch is thAt provision is 
ftadc tor technol* gical inno\ati*-^n by actually producing and us_lng weapons 
systcns, rvckots, tanks, ships and guns. I>OU and NASA organize to use the 
results ot research In fuUiUing lederal objectives. Wlicrcas, for funda- 
r ent I r*'; ^ a r <. h>_^l itt le _<i51 ^>_bt7j*.^ PS ^^'X^^ ^ ^ ^ " ^ ^ ^ 1 U «\ry, 

ui i \i?yit V^Ti^_o *- j-'^V^ *^ ^-^^-^ ^ ^^'^ ^ ^b^^ ^ ^ * - iPI* those organizat i onal arrango- 
a.c n 3 gous tu ^ t Fi^e J> r o v t> s e s h> vhic!>_ the ^ Japan ese haye dcvelopod such a 
^ ^* (^SSlt ^ k'^ j I^'^'TM"^ ■ P'^*' ^ j' ^ V _AJl-J£i?I— il tty to utilize 

vft f t i \y Iv atiKi T » g^'fi^ATrUil j)ur p oses the results of our b asic reyiiearch Is the 
critical ^au 1 1 oi <>\x r^ i^r o s en t sy s t ca . 

I a& convmcia that there .tre alternatives ta the ar^^irent race and that 
they lie in lorns ot technological Innovation directed toward the needs and 
concerns ot lv'<.U people In every nation. We have denon.st rated , through our 
World War H and •ul>sequent t^periencej* that it Is possible to harness science 
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{or unprecedented var(are. But U is also within our power to ^^^f "^^^^ 
:iety capable of striking on ecological balance between population and 
.<xronnent consistent with such guiding principles as justice, integrity and 



socie 

enVxronncn: 
coopassion 



State Governraent Responsibilities 

Before I turn to the responsibilities of the federal government, let oe 
focus on the state and loc«l level for a oooent. The preo,»se upon wl^ich ye 
base our efforts in North Carolina is that, even ^ith a strong federal lei^er- 
ship role, the states oust develop a distinct and significant role in over- 
coming the defic'n^;ire's of the present structure by strongly and deliberately 
fostering technological innovation for the benefit of society. . 

An effective organizational arrangeoent at the state level is f sential. 
U must include three critically important cor.ponents under the leadership of 
the Governor: (1) state, and local governnent leaders! (2) labor and oanage- 
cent leadership fron industry and agriculture; and (3) leadership of research 
institutions, particularly universities, legislative Inv^vexent and support 
is aUo necessary, as well as understanding and cooperation from the general 
public. Contacts with appropriate federal agencies/ should be developed 
con'ilstcnt %;ith the orientation of Che state p^rogram./ 

!io forraal, pattern Is proposed here today/ Each state oust analyse its 
ilCUfltion and tike action accordingly. The function of the organization is to 
'ensure that v^ircioVTl critical inTo-nShcento^ire ^pnrrT>nil-tharn:equi e-the-- 
usc of scU-ntlflc and technological resources in their formation and inple- 
nentatlon. arc indeed 'decided and carried out appropriate scientific 

in-put This will entail both sisnlficant finaj>^l support to R*« "l^"^" 
state and provision of appropriate guidance /o such activities. The benign 
relationships of Che past, coupled with weak. or non-existent financial sup- 
port* cannot continue. 

The roUSSuggestcd should not be construed n8 an infrlngencnt upon the 
p-erocatives of the universities, nor as a means of insisting that all sci- 
o;cncre.earch should be goal or policy oriented. Fund.ncntal exploration 
of science can and n.,st' continue, and with much «^ronger flnantial support 
Tron s^'es^'B^ addition, it is the responsibility o^/^«^%f-"-- 

to cnc.ure that the results of scientific exploration are used Cor the benefit 
of society. Moreover. It is contended that the necessary financial support 
froa state governments will not be possible without derionstrating ^ that sig- 
nificant state benefits will accrue as a consequence. 

,\nonj; the steps set forth by the Rational Coverior^/ Association (NCA). 
two iUustrate what estates can do. The first is ^to extend ^enhance the 
training of scientists, engineers and technical personnel in fields In which 
uch ioproveL.L are needed. .The scjond Is to , r/'"nnkir' ' 

.take in innovation processes and are Jir'ectly involved in decision making. 

lakinc the long view. icproveDonts in training must begin at the ele- 
ven tarv and tocondary education levels. Several states have Introduced 
s ntended to Lprove the proficiency of students In rer^aing. wr t ng 
ancL arithmetic in the early years of schooling. Some states are 
special programs to Improve science and mathematics instruction in secondary 
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schools.''' The Axacrit.u» A^bucirtti^n £or the Aavancctaont of Science (AAAS) is 
involved in a nuitialilion doiUir progtao with similar objectives: to improve 
bcience»an<l cathercatics instruction In secondary schools ♦ throughout the 
nation. We believe state governments can assist in such endeavors. 

Enough experience has been gained in recen< vears^ for any state'^to begin 
educational refonas in botlvi elcnentnry and &econdary schools. NCfA should 
continue to serve as a oeans of exchanging information regarding these ex- 
periences. In cany states^ houWcr, strong, innovative action is needed, 
along with vij^orous legislative support, 

* Turning* to higher education, NGA* f»as r.et forth several policy options 
from vhich any state cm select in overcoming critical shortages of engineers, 
scientists skilled m biutechnology , technicians^ and so on. Each state will 
need to exaoinc its particular , needs an.d deficiencies, however, and deliber- 
ately plan corrective action. Significant technological innovation is de- 
pendent upon overlooking these deficiencies. Legislative and industrial 
support will be nucesi>ary. leader siiip by the Gwvernor in targeuipg action and 
gaining support, i*? i;idlspenr>able. 

Enabling workers to have a stake in innovation will require imaginative 
action by any state. The historic rtdvers.irv relationships between canagcDcnt 
and lab'or will tend to inhibit attainncjH al this objective. David Kcarns, 
President and Chief Operating Officer of Xo/ox Corporation, put the issue in 
*'b^Xp.-pcr«<?»-ctlvt at Xhc-JKCiUnceLing-an^SaU —"Innovation wiil.nQt xaKe KqW 
until r-anagement understands that eraplct>ee*; have a g» eat deal to contribute. 
The rao*»t' Important resource that we have is our people." ' 

* Involving workers in innovation results in inore ch^^p higher productivity 
and receipt of raa,teriallstic benefits. For workers t;o participate .in de- 
cislon-cfaking and to know that they are vitally esf.ential often neans nore 
than ctiateclalistlc rewards. 

The first «<tep in any state, it v.ould seem, is for selected labor and 
cwnaftcGcnt leaders to neet together to d^ternine Dutunlly advantageous Steps 
to be taken. A hu.stainqd effort will be needed. State government can fostei; 
this dialogue through the or^an l^atii'nal arrangement nutcd above. It can also 
select appropriate policy options' to assist workers in adjusting to the , 



?U»ilsi.in<i. New \'orrk and {)erhaps other states arc giving serious con- f 
side rat ion to establishing nuch stronger programs. North Carolina has estab- ^ 
lishe«l the N.C. School of Sticnce and Mithcrvitics and taking further steps . 
to improve the proUciencv of students in these subjects throughout all / 



ele-ncnt.iry aitd bocv»ndarv schools lu the rtate. See The^North Carolina School 
^ ^ ^9 ^ encc and fiat hena 1 1 c s ; X st ra t e g > f o re tci provXng Kducatiun in Science an d 
?trthcro~Uivs , (RaleTgV; Office of th^ Governor, 1980). and lof rovjng _ thc^ 
la i 1 ty of J:»c^c nc c_ _an d_>i t hc'tnat ics Instru ction in *hVrth Carol lf^_S_S^ch^^^^^ 
(f a h'l ghf N.'< . iTvard^'ot Science" and Technology, 19&1). Also of interest is 
(i) the report to President Car4.er: Sc Icncc 'L"^-J"^A0):.5-'''^"^ f ," X^^ V^^^^^ji-'lllj. 
* Beyond iUashingt^-n ; t.ational Science Foundation <»nd U.S. Dept., of Kducation, 
1980); and (*1> the Carnegie Foundat ion report » G i v i ng You t h a B e 1 1 e r Chan c e ; 
^!r.^ *J9L" ^ to r ^^ Huc.it ^ont^ ^ S ervice (Wa sh i ng t on ; Jossey -Bas s , 1979). 
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c^pK•^r<?r^t clloctj» tcctm^i^K <i J iniuViiiAon and te .iJbt^isc boll rsanngcment 
aticJ UboT tc» survive cvcUc*ii fiuctuationv rn the economy. 

c 

LitVAnp R&n with technical innovation is of critical inport*incc in 
«;^imulacln^ innovation. So is ^ the provision of venture capital and the 
pronv>t;on of resource us^ efficiencyi including, efficient use frum an environ- 
menial nonagosscnt standpoint, • 

y\nong the fjollcy options for thu RiD I int.age are tax credits to encourage 
tuttviin^ b-v industr>, and isatcU^ng i;rnntf wherebv private contributions to 
universitij'f. an rr^itched by public lunds for specific purposes. The training 
of scientists ..ind cnpAnecr^ should occur in close a^sociatioii with the re- 
«»<*arch, KcscarcU assistantships and post-doctoral proj^raas are illustrative 
nothod^; by which, this is done. 

Provision oi venture capital requires^bcld, experienced busmusp leader- 
ship, link.s to re.>earcU institutions and vtuturc capital markets, a^f>i.ur.ince of 
etiectice Conagerial tr.ij.ninjj lor ntw entrepreneurs, <.nd rtthods of evaluating 
the technical and economic ^ea^lblllty of prop£>sed ventures. All these .ind 
Tore cosiprise Xhc "p*i«^kape" of activity esf^^ential to successful technological 
inuovation. Most fttatee h.ivc sone seoblance of all the^JC vursponcnts . V)iat is 
Lucking if a strung, effective focus and nssura;)ce of a level of effort to 
suiceedwith ri^^Kv but highl> significant technological breakthroughs. 



^ Resource ust efficiency is essential in tho short-run to ensure con- 
petltivc »prodact Ion costs, hut short-run conditions tclu^t be related to the 
potchtinl quantity aud quality vf resources available in the^ future. Techno- 
loglcwl innovation tan greatly affect the nature of resource use, the volune 
and characteristics of waste accunulated, and the beauty ,and ecological 
viability of the environment in general. 

The effect*^ of raeeting educational needs and stimulating innovation 
nanJ^fest thensclves in iat.r cased pr^. Juctiv ity . Econvraically , thin is measured 
by increased output per worker , by lower 'costs per uhlt of production, by 
larger gross national product, by a reduced rate of inflation and so on. 
Other indicators include a scientifically stable envLronnent of high quality, 
and a citizenry convinced that economic* social and political Justice 
prevails. 

Wlur«.»a<^ investing in people and ?5;t Inulat iug innovation establish con- 
ditions essential tiK Increased pr»^ductiv Itv , incentives to do so cuist exist as 
well. For entrepreneurs. thl» ne.ins that a stable and prtjdic table economic 
environ-oent nufxt prevail* including interest rates and tax policies conducive 
to inve*»tnent. and regulatory measures designed to induce conformance with 
essential rules ratlier than oppw>sitlon, for workers, incentives mean parti- 
cipation and security* and a desire to CNcel with quality perfurn.ince because 
there is a direct relationship between performaui-c and tangible and Intangible 
benefits. 

* ** • 

fconotait conditions designed to provide strong producu5j,vlty incentives 
depend htavily up^'U national pull ties. Nevertheless, states also exercise 
considerable positive or negtttivo Influence through tax policies, environ- 
mental regulations, labor laws and other Deasures, Critical revieU of con- 
ditions within the control of states Is therefore an essential part of the 
prog ran. 
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local CovcrnRcnt Rcgoont ibtllcicf 

InnakinR loGal governncnts an explicit part of the state partnership, it 
beconcs possible for thcra to relate effectively to local industrial flrr:s and 
financial institutions. It also provides improved linkage with re.se.frch 
institutions within the state, and a better understanding by local governments 
of the utility of scientific research In relation to their ount concerns and 
opcratlnp requireoents . Local governnients ttust be directly Involved in many 
of the decisions relating to water and sewer fitcilitles. housing and trans- 
portation" needs , etc., pertaining to Industrial location atid growth. 

An important proviso at the local level is that local governments must 
establish organizational neans by which partnership relations can be pursued, 
targe cities may establish units analogous to that suggested for the state 
level. But scall metropolitan units and counties r.ay find tbat county leader- 
ship, with octrcpolltan units partlcipaMng, is more effective. In still 
others a regional council of governments naj; be preferred as the unit most 
directly concerned with utilization of scientific knowledge. 

The Federal level 

Now let me turn to federal/ responsibilities. 1 propose. Mr. Chairnan,- 
that the Congress and the Pr cedent jointly create a special panel or Task 
Foccc„to establish a natlonaV agenda for scientific and technological in- 
novation." Representatives fro/i all levels of governnent. industry (management 
and labor), the scientific cotr-unity (scientists and administrators), and the 
general public should be seatW on this panel. The tcaximuo number should be 
2S» and illustrative representation Is as follows: 

"Science Advisor to the President 

—Representatives fron NSF and OMR 

—Representatives fron research components of federal departments and 
* agencies " 

— Governors from the Sational Governors' Association 

— Keprescntatlvos from local governnent associations 

— Rcpre*.entatlvcsi fron AAAS. HAS and NES 

—Representatives from industry 

—Representatives, froa the general J>«b lie 

The purpose of this representative group would be to fjerve, for a finite 
period of 12 to 18 months, as the deliberative body re&ponsihle for defining 
federal goals and objectives relating to science and technology policy. 
partlcular\v with respect to state leadership In utilising the results of 
research, in the interest of society through technological Innovation. Basic 
or non-goal oriented research* such as funded by NSF and other aepartnents and 
«\Rencics, will continue, with ouch of the actual work being in state level 
Institutions. The intent of the deliberative body would be^ to ensure that 
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ihoM r.r»ci'w^. <hu* pnv.Ui. cs!ontial U rtaH^itn', the bene. Its 

of s.lJnct .it» acluov..!. Un >-rcm|. wcml<i dofluo poaU and ohjoctiv<M ,.eramc 
t.^ V.S. **>clnx. but the rtu.il.TV i'^vlth the dcUhcratc dociUon hv Jnpan 
take "cstraordtnarv no.iMires for the proaotlon of the oU-cCronicf. industry. 

U i*^ suggojiccd chat this proup also «icC forth n proposed orsnnUational 
arr.»nKfTr.ent whereby InpU-sentat ion of its reconriondat Ions nay be carried out. 
<i.,cr an arrani«enent could bo an c-plUit org.inl2.»Cional ,cntitv; perhaps one 
de^x^ned nlon,? the line^of th<- National Technology Fo^n^^'-^^l^^/^Tr) proposed 
by fonRre.sn.in Ccor^e Bn>vn. NTK a. set forth in H.R. 3749. "ould 
consolidate ao<.t i.-der.il i echnolo^jv-reiated functions, and It wouid g.ve 
deliberate direction to non-oiUtary technological change. The assumption, 
however, in that tlu center of action with respect to technological innovation 
should be at the foderjrl level, and the operating procedures are sot forth 
ar«or<5lngIy. U is o.- contention that states should exercise such leadership. 
With the federal govtrnacnt supporting and othervUe enhancing public and 
private action within states through research, tax. environmental and other 
policies and progracs. U the state view prevails, the operating »tvle of 
ImF. as proposed, vlll need DodlfUation. 

An alternative to NTF a<i such could be redefinition of the role*^ of the 
Science Advisor to the Vresldent. of OSir. and of NSP. and also of Xinlts with 
other federal agencies, plys deliberate Inclusion of icprescntation fron state 
and lotal govorur.ents. 

No acterpt l« rade'here to (Jeflne In detail the structure and functions 
required In the future. The point being nade Is that a serious voUl per- 
taining t.» technological innovation exists at federal, state and local levels 
of goverrn.'nt. and that changes are required to fill It. Reli.ince on the 
existing Htructwre ol science and technology will not he sufficient if tHe 
Unltod States is to reassert its leader*ihip. 

Co"clusio« 

I win conclude nv rcnarKs with a re-omphasls on the need for a coapre- 
henf.iv« leadership role for the federal governncnt. I have purposely avoided 
mentioning spc-clfic budget figure*, tod.w. although 1 share your concerns about 
the mpacc of cuts In science prograns. 1 have stayed aw.iy from detall.s such 
a-, reco-rtendtng specific priorities for the federal govenment. although I 
luive f.trong bl.ises in support of iwny vital projects. Rather. I wish to 
ersphasUe the need to nove away froR the state of cooplacencv Into which we. 
as a country, have apparently settled. I want to enphasUe the need to 
urgently r<-cognl?e the Inpl lt.»t Ions of the :oopetitive scientific and techno- 
loeieal envUoaraent of the world today. I'ltlnately. we must act as a nation 
ciUlng upon' the totality of its resources— in local, state and federal 
governtrent. and outside of government as wulU-to reestahUsh ourselves .is a 
-.trong leader In tninsfornlng" the result*! of basic research into goods, 
services and other function*; of direct benetlt to society. 

I (oniend. ag.tln. Mr. Ch.iirman. that the federal govcrnrvnt ru(.t set In 
^>xU^r^ the proces-os fof redej^lgnlng our structure of ^rlence policy and 
*.r^.»nl7Ulen now as It d»d beginning nearly AO years ago. Only the challenges 
of thl-. decide do not Include landing on the ooon. nor do they include the 
criMtion of a superior war each Inc. Rather, these challenges involve merging 
tru ir.*. V i^.tti.iui* .va'.l^'.ie H our naticr— tnt taients .md 

J our » r)j.a'--sv that eur t^v: cffc^rt* luiv be muted toward es- 
•.tH,.\ ai*'. tuliur.il purpose-.. 



^Fot .idditlon.il background infi^ro.it ion concerning the role of stated in 
riVlng rur<- tilectsve c.ise of the results ot ba^ic scientific reserach. see 
»r4rral - *.tat* ifiuc I<ai(v; iTesent .>nj Future,, background p.^^per prepared 
|,.r tho .a<.k F(»ue on l/ci»n 'roglcal Inm vation. National Governor's 
A-ocl.it»on. North (apitol i-ireet. Washington. D.C. 20001. February. 

1<*SJ. 
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Mr. BuowN. Thank you very much, Dr, Lindsey, Your statement 
is a very valuable conti;ibution to the subcommittee. 
Dr. Casteen? ' ♦ 

STATKMK^^T OF DR. JOHN CASTEE^^ SECRKTAUY OF EDUCATION, 
COMMONWEALTH^' VIRGINIA, RICHMOND, VIRGINIA 

^ Dn Castken. Mr. Chairman, in beginning I should perhaps cor- 
rect the record by indicating that I am the Secretary of Education 
in Virginia and lhat my obligations in the State actually ^ouch all 
of education from day care centers through postdoctoral programs 
and not simply the sciences. 

The prepared statement that I have delivered to the committee 
has to do largely with how the system of education and especially 
the high schoolsfbupport manpower capi^ble of producing the kinds 
of ex|)ertise and knowledge in science and research that other wit- 
nebbus have dibcu»sed this moraing. Congressman Brown asked ear- 
lier today whether the American and science manpower pool is, in 
fact» as large, as it should be and compared our jnanpower p6ol to 
* that in Japan. ' 

I would like to* begin by making some basic observations about 
educational strategy in support of the .sciences and then move 
through bome suggestions that developed originally under Gover- 
nor Ilynt's^'leadership in the National Governors Associatioiv 

The Japanese educational strategy since World War II has been 
debcribed as an invebtn)ent in human capital, aft mvestment that 
procmled from thu assumption that one could best revitalize an in- 
dubtrial society by building the human expertise necessary to at- 
tract investment dollars rather than assuming that the demand for 
the labor itself mubt e.xist befqre one can justifythe educational in- 
vestment. While the analogy is not altogether perfect, most of the 
dii>cubsiun thib morning of the relationship between the educational 
system and our capacity in the sciences has had to do with the 
deniartd for the outcome of education, with the level of education 
we can justify, not \-ith the assumption that the general level of 
education and advanced education in the sciences together predict 
our ability to cunsume the resources that people develop in an edu- 
cational system. . 

The various member Governors of the National Governors Asso- 
ciation have been concerned about the relationship between school 
pru^mniband scientinc, technological and general industrial devel- 
opment. They l?ave pursued the assumption that problems in our 
schuuls can be iclentified and solved, and that solutions will require 
certain kinds of State and Federal collaboration on one end as well 
ui* certin kinds of State and local* collaborations on the other end 

In looki.ig at the progress of students through courses that sup- 
port the .sciences and technology, certain key choices that students 
mako in our schools matter a great deal. The choices matter in 
pai1 because of the structure of oui; curriculum. We fragment the 
dit>cipline.s and teach biology , in 1 year, chemistry in another, alge- 
bra 1 year» geometry in another, whereas most industrial nations 
build curricula in spiralized sequences. 

Ill other countries mathematics is developed continuously m con- 
truilud sequences &u that students pursue mathematics in conjunc- 
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tion with the sciences. In our school system two key. mathematics 
choices seem to drive students* later choices. One ts the choice 
whether the student takes algebra I in either grade 8 or grade 9. 
That is a choice to which most students say ho at each of those 
points of choice and it is a choice that in the aggregate no more 
th^an a third of our studpnts make in the affirmative, which is to 
say that most students reject the mathematics course that under- 
girds following courses in science and math. A negative choice in 
grade 8 or grade 9, predicts that most students will nojt, in fact, 
complete a rigoi;ous course in mathematics or sciences later. The 
choice of calculus in grade 12 or the freshman level of college has 
the same impact. The yes choice is made by only about 8 percent of 
our students, which is to say in the other direction that 92 percent 
of our s^tudents who face that choice, elect not to prepare for subse- 
quent Qptions in science, engineering or mathematics. 

We have analogous problems with regard to the languages of.sci- 
entific discourse. With substantial federal encouragement during 
the 19()0*s, v%e have developed fairlv good competence in elemen- 
tary sciqntinc German for most students in relevant of disciplines. 
We. have developed negligible experHse in Russian and in Japanese 
and in other langue||es in which scientific discourse takes place 
and the evidence is that even in light of strategic concerns about 
. those languages we are making little headway in developing a sci- 
' entific community that is able to carry on discourse in languages 
that have been increasingly important. 

The twc-thirds who vote no on mathematics and the sciences in 
the eighth and ninth grade and the 92 percent voting no at grade 
\2 and freshman college level are effectively saying that they do 
not wish to pursue certain kinds of disciplines in colleges. Poor en- 
rollments kill courses. That was true of Russian^ which we *ried to 
develop in the schools in the latter part of the 1900 s, 

I have tried to address the obligation of the States in this regard 
and that of the Federal Government in the prepared document. 
The State.obligations fall into three broad areas. 

One is accreditation. States control most accreditation regula- 
tions either directly or through the regional associations. Our ac- 
creditation standards more often address physical realities, how 
many, how big, in what places, than academic standards. We rarely 
dictate what schools should, do as part of the accreditation process. 
Instead we address how schools should be in the physical or materi- 
al sense. 

State government must set requirements. Those requirements 
ought to grow out of a calculated vision of the future that State 
governments wish to foster, especially the kind of future that was 
described this morning as being in the national interest in the sci- 
ences and technology. 

As a footnote, because of w4iat I see as faulty standards, enroll- 
rnt^ntb are poor both with regard to college preparatory programs 
«ind with regard tu vocational programs. Putting those program? to- 
gether we account for fewer than half the students who graduate 
from the schoolb each year. The remainder appear in the general 
track and the kindest description is that we do not know what 
those students are taking. 

121. 
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States pay most of the bills for the kind of education that sup- 
ports the scientific develo|>ment that your committee is exploring.. 
That obligation to pay is a matter of enlightened self-interest for 
the Slates. Our experience is that local control over schools w,orks 
almost exactly to the extent that local resources are, committed to 
bupporting schools. State government has an obligation to reinforce 
the ties that link schools and the community and these ties include 
certain kinds of accountability. Our relatively modest record in en- 
rolling students in recent years in mathematics and science, a 
record that has deteriorated by 30 percent since 1970, indicates to a 
large extent the weakness of the links that States have forged be- 
tween, schools and the comniuntiy. 

The Federal role is a role tliat has to be determined, as I think 
the other witnesses suggested, by a combination of the national in- 
terest on one side and the location of resources on the other side 

Certain kinds of investment are implicitly appropriate to the 
Federal Government. Certain kinds of resources. happen to belong 
tu the Federal Government and not to other sectors of the govern- 
ment 01* society. , 0 ■ . 

Our Governors have concentrated this >ear on studept financial 
ukL \vho.^e giad\ial decline and, perhaps more importantly, unrelia- 
bilit\ beuuise of the delayed issuance of regulations by the Depart- 
ment of Education in Washington and because of the special 
mipact on our least affiuent people of uncertainty as to what the 
level of support will be, have become major problems. 

Guver. ors are concerned also about basic research and about cer- 
tain junds of applied research. Hei e I have one suggestion to offer 
fur the cummittee'i) consideration. The chief justifications for Fed- 
eral mvuK ement in tliei-e areas are high cost, cost that may exceed 
the abiht> to pay of the private sector or the State government, 
and the speculative or specialized nature of the return that such 
investments will produce. 

The argument made this morning by Dr. Martin on behalt of in- 
vestment in Department of Defense scientific research, I think, ex- 
emplifies that kind of reasoning. The suggestion 1 would like to 
make i^* that while also addressing, as you must, the issue of Feder- 
al support for basic scientific research and for certain kinds ol ap- 
plied research, the committee also look to the possibility or return- 
ing to the former Federal tradition, especially in tiio 19(U)'s, of ap- 
plvuig P'search dollars tu the question of school effectiveness. The 
fact lb that how schools do what they do impacts directly on our 
abilitv to meet needs in the scientific areas. 

1 would like tu suggest that Federal programs ha\e included both 
iul\iintat(euus oi good programs and poor programs and that on^ 
characteristic of the poor programs is that the research behind 
them has iarel> had tu answer the right questions. The question, I 
thiiiL ought to be what do we accomplish in our schools, how do 
we nuM>ure that ticuinplishment and having measured it how do 
\veappl\ the human capital that we have developed by that invest- 
ment. e» 
(*hairinan. thank you. 

IThe prei)ared statement of Dr. Casteen follows:] 



.119 



STATEMENT OF JOHN T. CASTEEnI III 
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I September 30, 1982 



4 I have come today in behalf of* the National Governors' 
Association and the Commonwealth of Virginia to sha're with you 
some recommendations concerning the partnership of ,the states and 
the federal government in support of science and technology. 
Most of these recommendations were developed initially in a 
symposium held on August<^2, 1982, at Afton, Oklahoma, as part of 
the annual meeting .of ^he National Governors' Association. 
Governoic Hunt of North Carolina served as chairman of that 
symposium, and arranged my own participation and that of Chainnan 
Lewis Branscomb of the National Science Board and former Presi- 
dential Scaence Advisor Edward David. My remarks today have to 
do primarily with how we can poster both excellence and produc- 
t^ivity in mathematics and science education in secondary schools. 

With regard to the inti^rests and roles^of the states and 
thair governors m impft>ving mathematics and science education, 1 
want to make th'ree assertions: first, that the policy issue 
begins and may be said to end in the quqstions who takes what 
^courses and who teaches them; second, that our educational values 
changed during the past fifteen years to the detriment of science 
and technology? third, that solutions to*the problem of .low 
enrollments in mathematics, the sciences, and other academic 
disciplines in our High schools will come, and ,that these solu- 
tions will originate in political forums. 

Other speakers at the N.G.A. meeting described a decline 
over the coarse of fifteen years in the proportion of our high 
school students who complete serious programs of courses in 
mathematics and science prior to graduation, and a concurrent 
rise during the same period in the proportion of our college 
students who require remedial or high school courses in order to 
learn what they did not learn in high school. The materials 
prepared for that meeting by the staff of the Education Commis- 
sion for the States include reports on the extent to which 
<^nrolln<^nt has slipped in the basic dir^iplinos. Those reports 
concentrate on mathematics and science, but one should note that 
the decline m enrollment m foreign languages is steeper and i^ 
many ways pore troubling. In the subjects seen as '*hard'*, many 
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students have houon lu an era of ail-but- free choice in our 
schools to avoid tough courses and pursue easy courses. 

Ample evidence suggests that the decline in, enrollment in 
tne tough courses has baen steepest in the most recent years. 
Stanford Dean of Admissions Fred Hargadon's now-famous letter to 
the nation's secondary school counsel or s and principals, in which 
Hargadon cautioned that declining enrollment in the basic, courses 
m high school predicts a virtual catastrophe in higheif educa- 
tion, came only in 1978. The best known responses to the de-: 
cline, such as the College Board's Educational EQuality Project, 
the Southern Regional Education Board's quality initiative for 
schools in the southeast, and* the Council for Basic Education's 
intensified program in support of school reform are all develop- 
r.^nts of the last eighteen months or two years. 

One needs al£.o to observe that the eight percent or so of 
our high school students who taNC >galculus , which is to say, in 
effect, those who actually complete four full years of our most 
serious, high school n\athematics courses, appear to be better 
prepared than ever. I was fornierly Dean of Admissions in the 
I'nxvt^r.^ity of Virgmaa, In my work there, I found that these top 
-.tu*i»nt^ could succeed m virtually any collegiate program. The 
ir'.ny was tr.<xt so few students actually completed the most 
rigvrous courses offered in our high schools. Our best students 
corpar- favorably m international competitions in mathematics 
an«l otr.-r dK^cipimos with those from other countries. Indeed, 
one sp^vu,*! at the N.C.n. r.eetmg reported that U.S. high school 
r.ath tcnr-^, hav»,» regularly won the International Math Olympiad, 
w^lch r.ight be cal'lcd U,^ world series of school mathematics 
ccr**pot ition. Ironically, however, our Math Olympiad teams 
froquertly draw their noribo.-s from only five high schools, all of 
ther w.,-ll* known anor^alxes in our educational system. 

A rc iFonable analysis of curriculum development in our high 
-.Ch oi-, durj^ng the lafit decade or so night go something like 
thi'?; Stud* nts have ta^en fewer courses. Students have, taken 
fewt-r hard curpe*^. Students hove suffered. Thtiir test scores, 
thoir rojord.s of succet't' m 'college, their records of success in 
th*-> ba<:^.ic acMdcric disciplines, and their difficulty in finding 
prrvdiucti«*o "obn aft»\r high school ull underscore truisms that we 
i.^ education '^hcuhi have dic^covered >e-^rs .i<7C: people ^n't test 
w< :i un what they don't know, and most people don't know what 
t y haven * n t ud led . 

Statistical analvsis available from the Education Commission 
of ♦^h.' S^-ott'-r will indicate that no noro than a third of our high 
'.<*)'( 1 . ta'vi* a full, ri^jorous program of courses to 

.V ^t, r p '■':^ci\\v\- ^tiidv, while alrror^t two-thirdr go on 

t*''. J ^.^f. L'., ^.l. \ih»-^v <^n<' addi* that only about one-third, or 
" r.«, ♦•h ^ wh^ '•i^ to collca,^ over gradUfV^e, and 
th^n tuc;. nt . who r. luire rerodial <hi<?h school) courses in 

qttd'iL^'j I- 1 titr* f-^r bo low the <o«^-ra«e, th*-* cost 
I r>ur.r'iUv -l-Mr: wo neod to do the 30b light the firr.t time' 
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aroj;nd, when students are m hiqh school. To delay is to 
d|/^nish our students ' ^p^rospects of achieving their goals in 
lifei and of course also to diminish the national capacity to 
corz^te ir. a world narl^et v»hore industrial expansion comes more 
readily m the bram-basGd industrai?s, the new technologies , .than 
olsewhere. ' 

Other infornation prepared for the N.G.A. meeting suggests 
the extent to which teachers govern solutions to the problems of 
enrollments in mathematics, the sciences, and other subjects. 
Like it or not, we have chosen m recent years not to pay ade- 
quate salaries to our teachers, not to provide well conceived 
advanced training for veteran teachers, and not to address 
squarely the conditions in which teachers work. For many teach- 
ers, recent years have not been happy times. Our schools have 
not worked as well as they can. Too often, they have been poorly 
disciplined, poorly planned, poorly adr.inistered, and poorly 
supported. Ultimately, we get what we pay for. If we do not 
like the product, we ought to look at leas^ as de libera teiy to 
the ,pripe w6' pay as to the reforms wqjwant to undertake. 

When I say that the changes in schooling over the course of 
the last fi^ft* en years derive largely from changed perspectives, 
I mean that wo have lived through a peribd of uncertainty as to 
the purposes of schooling » The last fifteen years have seen 
constant turnoil over how' and what we teach. The fads of profes- 
Sior^al edus, it ioras t3 have perhaps too often replaced academic 
oubstance and riqor in the classroom. Recent research in the 
field of education tells much of the story. We have paid little 
attention td sub^dct content ^mce the beginning of the decade of 
the * sevcjnt'-c& , and essentially no attention to how advocates of 
the most cormon innovations (mini-qourses in place of substantive 
^ courses of a more traditional, design, social promotion, trendy 
alternatives to subst/intive courses) have documented their 
successes a^id failures. All too often, the research supporting 
academic proqrars m high schools has resembled popular psychol- 
ogy more than academic discourse. 

Consensus has been rare in recent years. , The attack on 
testing has been until very^ recent months a fact of life in our 
5c/;ools. Dospite carefully researched and wOll-reasoned 
rt-^ponses to testing's critics, including the analysis published 

recent months by the National Academy of Science, many 
/''^rericans continue to deny that Schooling ought to face a bottom 
lino, that we ought to prove the validity of what we do. We have 
preferred to punish the bringex of bad news, the test or tests 
thit say that schooling used to do and can do a better 30b for 
ro t ^ r •»ur students, rather than to confront the news itself. 

In this era of turmoil about methods, we have also seen 
dii-ir;;*:'/ ^^;v...t .r^ our university faculties. Our scientists and 
r ithe'*atician? ditwgtca among themselves with remarkable 

r^T"'^'". A^" to the h -t':e5 of their own discirlines. On many 
^'Kr>u''*', *r>' rtir*' rrathematicians carry on all-but-open war with 
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the computer ndt.Vjinaticians, Collegiaiity often becomes merely a 
nvth. Indeed, durin9 the last decade many univeri>i.ties 'developed 
two nathefnatics departments, one for the pure or theoretical 
natbematicians, and another for the computer mathematicians, who 
are sean as having accepted peace without honor in the war with 
the engineers. In the sciences, the chemists and the physicists 
* who ought logically to be allies of the engineers and the computer 
scientists are often arranged in opposition to these technolo- 
gists. And on it goes. Too often, we set academic policy to 
protect turf as much as to foster the growth of ideas, and few 
universities are well organized in 1982 to deliver the kind of 
academic substance that our society as a whole needs. 

Finally, we have oome m recent years to separate out • 
rathematics and sciences from the liberal arts. We have pretended 
that the liberal arts are the humanities and the social sciences, 
and that m some way they do not embrace the entire range of 
bookish learning that the liberal arts include. The founders of 
A-T.erican oublic education— Jefferson, Franklin, men and women m 
localities throughout the country— saw mathematics and science as 
elements 6f the bookish background for citizenship not as 
-.oparabie topics to be mastered only by the gifted and talented. 
As in the universities, the dispute in the community at large has 
^^>Gn about turf, about who owns mathematics and science, not 
'ibout: rorc substar.tive matters. Confused by our confusion, more 
thafi a fow students have excused themselves from major components 
^ of education. 

In ti^is context, one note of clarification is essential. 
Todav's fad in edifcation is "back-to-the-basics . " I am not 
tal>:inq today about basics because we cannot afford mere basics. 
JT^e -cpo-^-s of the National Assessment of Educational Progress- 
>c,ersuade^me, as thov do most of my colleagues who work with me 
toward school roforn, that our schools have dealt successfully 
w^th t^e basics through about grade seven of grade eight, when 
' <^,tudents begin to choose courses for themselves^, often without 
adequate guidance, rather than to follow fixed curricula'. 

Instead of seeking basics, we need to see to it that our 
-^condarv schools support complexity, that we encourage students 
to taKe courses that can propel them beyond surface knowledge or 
understanding. In the end, schooling that will protect America s 
tu-^ro must guarantee that citizens are highly c-mpetent, knowl- 
,-.d^cabic*, ard critical. Basics do not support achievements o. 
th^^ ord»^r. Good state governmenti^ and support for optimal 
educational achievement for all citizens must go hand-in~hand. 

I have predicted that solutions to these problems will 
.ri^jM>»*e in p'^Utical forur? for three reasons. First,- school- 
>'>r. ;..^Ut£cU r^urposes that we rarely acknowledge nowadays. 
7v> • ~^A^r^ o: Pu-'.erican public education nought to prepare 

^'^^ ^c^'na cart icioat ion m the democracy, to see that 
'!^-'^''^,yy>^,^^rf\o\''orr.rovt would thrive and survive! That purpose 
1 iii .vir-(i .Sf^cond. education has been essentially still in the 
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water fui abou*- 




The potential for state action to remedy many of these , 
crobler.s clearly ^exists. Virtually all states set standard's for 
dccreditation of 'elencbitary and secondary schools. Yet state 
rules more of£en count "things" (books *on the shelf, 
wif^dovws or Square, inches in windows /mop washers) than detail what 
i^chools must do, Ke rarely specify what level of mastery our 
teachors aro to achieve m their subject areas or what •level of 
success in the claesroom. Indeed, littlf? about our sy-sten of 
accreditation has to do with the classroom except in a physical 
ionse: we make sure it is there. Instead, we resort to simple 
quantitative measures of the least important indicators of 
cdUcatioaal quality. State leader can and should press now for 
sinpler, more praqnatic rules. The rules need teeth. They- rnus,t 
guarantee that we ^ay for excellence when we fund our ^public 
schools, state or local, elementary, secondary, or ^ost- 
secondary, and that we reward excellence, not inertia. 

Plato ieadrrs and especially governors have a vested interest 
in reforminc the curriculum. The status quo n\ore often distracts 
students frorr. productive academic choices than attracts students 
^to then. Curricula are ricij in abbreviations of traditional 
acjtdcmic f.ub^ects, in ill-conceived alternatives to Advanced 
Pidcercfit or other ^rigorous courses, and in empCy choices that 
truck students ;»vfay from courses that lead to opportunities at 
the next level of education. 

The importance of the basic choices cannot be overem- 
phasized. In most states, most^ students choose in the eighth 
crade not to take algebra I. Because of the sequence of courses 
necessary to qualify studehts to take calQulus in the senior year 
of high school, the choice in the eighth grade not to take 
alqebra I ar.ounts to a choice not to take calculus in high 
r.chool. This choice implies that. the student will not enter our 
mott st-iective and most prestigious collec/es and universities, 
<ind ORpocially not our most rigorous schools of engineering and 
applied science . Students who do not take algebra I in the 
oi.:;hth grade face the same choice in the ninth grade, and once 

ro'-.t chr»or>o not to take the cours^e. This second choice 
♦ ti"oly ex.'luUes students from most technological fields of 

^:'!'«'r hiat fchc'\i, b*^rau?e virtually all reauire a sequence 
o: ra*:h»^ntico arc* s-ciMcQ courres built on algebra. Students 
c^n qc ba^ck and make v:p rip'od courses, but few do. 
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Efforts at curriculum roform are underway, sometirnes by 
state action, ao m C^-^lifornia and other states, sonetimes by 
regional •action, as m the South through the Southern Education 
Regional Board, soine tines nationally, through programs such as 
the College Board's Educational EQuality Project, the school 
roform programs at the Council for Basic Education, and the 
National Science Board's corM\ission. Each will in its way 
succeed. Each deserves careful consideration from governors and 
state legislators who, want their schools to graduate citizens who 
will command the skills that our emerging economy, an economy 
that drives profits on human intellect more than ojj the work we 
do with our hands and backs, requires. 

For many of the states, these issues amount to basic dilem- 
mas involving the links between our schools and our communities. 
Several states have already created tc.sk forces to address 
education generally o;i: education as it relates to science and 
technology. Vou know about Governor Hunt*s accomplishments in 
this area m North Carolina. My own Governor Robb has undertaken 
an analogous initiative in Virginia, with special emphasis on our 
need to reeducate labor forces in parts of the state where we are 
losing traditional industries and where we must attract invest- 
ment dollars from the new technologies if our economy is to 
thrive. Arizona's ^omt program of educational and industrial 
dovolopment is often cited as a model to be imitated elsewhere. 
Thore are other examples. These initiatives matter because they 
encourage state leaders to set directions in collaboration with 
business, labor, and education, and because they acquaint the 
public With the urgent need to support schools sufficiently, to 
demand proper pf.'f hsrmancc of school personnel, and to develop 
meaningful acadenic standards. 

Governors are, of course, uniquely able to forge links 
between schools and industry and business. Competition for new - 
business investr'.ents is daily business in oUr state capitols. 
All of us acknowledge the importance of attracting new kinds of 
erployers, HDew kinds of capital, new kinds of tax resoucces. In 
this cornpetScion, some btates win and some states lose. In 
recent year 4, those most likely to win have been those who5?e 
governors have taken the most aggressive stance in demanding a 
realistic return on the educational investment. Schools and 
industry can share expertise. Chemists, engineers, and other 
technological professionals can teach with minimal special 
training. Teachers can condiict certain kinds of research for 
local i.nd\?stries, or in other ways contribute their expertise. 
Korth Carolina proved these points two decades ago with the 
Research Triangle. Arizona is proving them now m a different 
way. Schools and industry can .^hare space. Governor Robb has 
urqed our schools and colleges to work with industry in creating 
maustrxal/educational canpuses in which the campus will be the 
vor*< pLico and tho work place the campus, tlassachusetts is 
developing funding for an ambitious program of this kind. 
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Whv^t IS the t'"l'^r*U izU.oirc*st? As a state officiil^ I r\i<jht 
preJor to suggest tnat federal dollars ought to pay for ever$^- 
thmg, but I know, as you must, that advice of that kind^ serves 
noitn^'^r the intcrt-st of the nation nor Jt:h*e interests of the 
states. Mcst kinds of educational policy ougnt to be nade by the 
states, or indeed by units of gov<*rnment within the states — by 
local school boards, by teachers within local schools. Disr- 
tributed governance, combined with the assijmptiioo. of financial 
responsibility at 'the Iwcst level of gover;:ir:ient that can 'finance 
specific educatior^al activities, has served us well in most parts 
of the country. 

Yet certain policy issues must belong to the nation. Our 
curfent inability to compete effect^ivcly m certain industries in 
the international market suggests that the national interest* 
demands federal invoLvenent. And that consideration persuades 
nxany thoujghtful Anicricans that Congress must look at our schools' 
and colleges' ability to support industrial redevelopment by ♦ 
producing highly competent men and women as well as research 
expertise of the appropriate kinds. 

In^the same sense, certain financial commitments are either 
bc-/ond the reach of the states or within the immediate purview of 
the Congress* Student financial aid seems to me to be a good^ 
example of the former kind of commitment, and support for basic 
research, of the latter. 

Xhe federttl government's willingness since the adoption of 
the G.I. Dill to assert that financial need alone cannot stand 
between students and the opportunity to Iqarn is a high point in 
our educational history. For sundry reasons, many perhaps sound, 
recent appropriations show that the withdrawal from student 
financial* aid promised by the Administration is upon.,us. While 
the loss IS not yet as dranatic as some educators have claimed. 
It IS causes problens whose solutions may lie beyond the reach of 
the states. The damage done^by the federal government* s gradual 
withdrawal from certain kinds of financial aid anS (what may 
&rovQ even m<j^e disastrous) by the inability bf the U.S. Depart- 
ir^ent of Education. to issue its regulations governing financj.al 
aid m a timely fashion is to my mind apparent this fall. Early 
reports fron the public colleges of my own state indicate that 
enrollnent is strong overall but soft in the colleges that enroll 
rost of our poorer students. At least one of our traditionally 
black universities re?or,ts espfecially serious problems for 
students whose faniUes cannot afford to pc^y the cost. That this 
condition results not from Congressional action but from the 
bureaucracv' b inability'to do business on time may well be an 
educational issue on which the Congress should act. 

My concern about this loss is not merely social, although it 
f-i-r->r.-'^ n<ri.*»l isr.ucs. v.'ith mar.y of you, educational leaders m 
•:he states belif^ve that fmanciar barriers to educational oppor-^ 
tunif • cinir.ish the effectiveness of our system of government ana 
t.V' quaUty (^e *our national life. But an equally urgent .concern , 
i*^ that ^manv states cannot afford to pick up the cost of finan- 
cial aid "prograns that suffer or die here in Washington, and 
other states need time to develop new programs. The actual cost 
of meeting t.^e full n^ed probably exceeds the capacity of the * 
states to pay, just as it e>:ceeds the capacity of many students 
to pay: ' ^ 



» 7-060 o - 83 



ERIC 



12\) 



126 



And these conditions, have implications toi^ educational 
policy.. The cost ot picking up former federal aid programs 
diminishes the states* ability to deal with the academic needs 
that I derailed above. The progressive cost of delaying academic, 
reforms in our schools while we address the short-term emergency 
in financial aid inevitably accrues as much to the nation as to 
the states. To the extent that school rd^orm m\ist wait until the 
states build resources to pay costs that have historically 
belonged to tshe federal government, federal action must be said 
to diminish our chances of developing necessary expertise and 
technologies. 

i 

Support for basic research also seems to me to be a federal 
obligation. The cost of building the academic case necessary if 
we are to revitalize American technology is beyond the resources 
of the states, and the investment is so speculative that indus- 
^ try, plagued by recession and the high cost of money, defers' 
commitments that an happier times it might make. Perhaps even 
more to the point, the benefits of such research in the basic 
sciences belong to the nation, not to any one state or region. 

Finally, let me appeal to you to let our notion of Basic 
research inci^ude r'esearch into what works in schools. In zhis 
QXCti, the Congress may have special reasons to assume at least 
some of the cost. In suggesting that recent educational research 
has more often supported fads than substance;, I mean to include 
the rcsoarch that lay behind many of the federal adventures in 
our schools in recent years. I do not mean 'to say that the 
federal accomplishment is trivial. It is n^t. The National 
Scien<ie Foundation, Head Start, and the activities supported py 
tJ\e National Endowment for the Arts and the National Fndowment 
for the Humanities, to name only a few federal undertakings, 
deserve credit for much that is good ^in our schools. 

But not all federal -experiments in education can claim the 
empirical bases of these program or show results like theirs. , 
Not all federal impact on schools has* been constructive. Opinions 
differ on the value to students of such federal initiatives as 
mainstreaming or what is sonfe times called (grandeloquently, 
perhaps) bilingual education. My own is that this value is yet 
to be shown. Too often^ the zeal of the bureaucracy in proposing 
legislation and m promulgating regulations and dis]:ributing 
money has not been sustained by demonstrations that the 
particular rcthca or f^rogram promoted by the federal agencies has 
ever worked anywhere. U'e need to get beyond letting happy talk 
replace logical and factual analysis of what works. . 

In school and college mathematics and the sciences we need 
tl^e kind of leadership that federal agencies (like the National 
Science Foundation) provided so effectively in the years follow- 
ing Sputnik whe**; we made our first effort to revitalize education 
and thus sustain technology. That earlier effort worked as well 
^ ^ as it did in part because it supported solid research into school 

effectiveness, into course content. More recent efforts that 
have failed and tha^ may actually have damaged schooling did so 
in large part because their proponents justified them by answer- 
ing the wrong questions. If federally supported research can 
show the nation again what works in schools and help set national 
directions* for schooling for the remaihing years of the century, 
the Congress will have laid the necessary foundations for the - 
scientific and technological renaissance that .your inquiry seeks 
^' to -foster. 
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Mr. Brown. Thank you very much, Dr. Casteen. I think both of 
ydu gentleman has given us a very important component of this . 
overall policy of setting strategies^or priorities in science that we 
haven*t really tended to give sufficient attention to, and we very 
much appreciate that. ^ - 

Dr. Lindsey, your State has been pointed to frequently as a 
leader in this matter of focusing on science and technology and I 
seem to recall that you have selected certain key areas within the 
overall field to emphasize such as biotechnology, for example. 
Could you give us a little description of what the process is within 
the State by which you try to Jfocus on certain particular areas in 
science to maximize your effect there? ^ * 

Dr. Lindsey. Well, central to our organization is what we call our 
North Carolina Board of Science and Technology. This is a 15- 
member board that Governor Hunt chairs. By virtue of being his 
Science Adviser, I am the executive director of that board. The re- 
maining- members are mostly scientists from research institutions 
plus representation from local governments and components Qf pri- 
vate industry. x . . 

This group has laid out a rather extensive program that we are 
trying to pursue. Within that is a comix)nent concerned with explo- 
ration on the frontiers of scienqe. We have examined the potential 
of scientific exploration and coacluded that two fields have tremen- 
dous signficance in the years ahead, one of which is microelectron- 
ics and the other is molecular biology. Research in education has 
been pursued in North Carolina in microelectronics for some time, 
but almost 4 years ago, as we began to assess this field, we decided 
that we had to put more effort into it and emei^ge as among the 
leading states, or to move along in a second- or third-rate position. 

We decided that, given the close proximity of some of our institu- 
tions to each other in the Research Triangle area, we could develop 
a means by which those institutions could share the extremely ex- 
pensive scientific equipment that is required in microelectronics re- 
search and education and lower the cost per instituion, or per 
person trained, by virtue of such savings wq can compete favorably 
with other major institutions in the country. 

So, we created the Microelectronics Center, located it in the re- 
search triangle park, and arranged for six institutions to partici- 
pate in the use of equipment -fbr research and education purposes. 
We are developing a microwave system interconnecting these insti- 
tutions and the center so that they will havfe two-Way communica- 
tions by television o^ other means. 

We put the chancellor of the participating academic mstitutions 
on the board of that institution and make it a corporate not-for- 
profit entity and added a few other citizens of the State to the 
membership. The president of the Triangle Institute is chairman of 

the board. . , . . i v ^ 

We have yet to finish a building and get everthing in place, but 
that is how we did it. The state legislature saw fit to put $24.4 mil- 
lion into the center. • . XI I 1 ri.- X U 1 

We followed a somewhat simple process in the field .OM)iotecnnol- 
ogy, although we are not as far along. We simply could not afford 
' to fund both the microelectronics and the biotechnology centers at 
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the same level at the same time. But we hope to provide much 
stronger support to the biotechnology center soon. 

,But.it is in pulling together the research and education programs 
of the participating institutions which is important. 

Mr. Brown. Thank you. I would like to recognize Mr. Gore for 
any questions he might have. 

Mr. Gore. Thank you, Mr. Chairman, 

I will be brief 

Let me extend .my apologies to the witnesses. The schedule this 
week has been unexpectedly hurried because of the new deadline of 
tomorrow to close the pre-election session. 

. Dr. Lindsey, I would like to welcome you back to the Investiga- 
tions and Oversight Subcommittee. We appreciate your conclusions 
in the past and admire the work that you do in North Carolina, 
and I hope you will take our best wishes to Gov. Jim Hunt, who I 
think is just an outstanding public official, and the fact that your 
State is so far in front in this important area is real credit to the 
leadership that you have had and that you personally in part are 
providing. 

I appreciate your appearance as well. Dr. Casteen, and I have 
talked with Governor Robb and he hasn't been in office as long as 
Jim Hunt, but when he got in office, he was off the mark right 
away and recognized the importance of this effort. I wish you the 
best and I am impressed with how much headway you have made. 

Do you tend to look with favor on technologies that your State 
university research labs are actually strong on or is it the reverse, 
where you will encourage State research entities to reflect their ef- 
forts to enhance their capabilities to include coming technology 
like biotechology? 

I will ask you both that question. 

Dr. Lindsey. I guess I would put it this way. As we assessed the 
fields of microelectronics and biotechnology, we concluded that we 
were not keeping pace with change, that other institutions in the 
country were rnoving on ahead. If we wanted to continue to have 
outstanding institutions in this field, we had to do something more. 
And rather than simply sink a lot of money in each institution in 
increased equipment, additional faculty or whatever it might re- 
quire, we sought ways to, as I described with microelectronics, pool 
the effort wherever we could. 

I might add one other interesting point in the realm of science 
that led to our creation of these two centers. Both of those fields 
require extensive interdisciplinary work. They are not fields that 
an individual specialized scientist in one discipline can go off and 
do his or her thing for years and come up with all the answers or 
even part of them. The centers help foster strong interdisciplinary 
research, not just within one institution, but among several 

Mr. Gore. Thank you. 

Dr. Casteen? 

Dr. CASTEE^^ I needed a moment to organize my thoughts be- 
cuase we are, in fact, in the middle of that issue in Virginia. I * 
think I can break it down into several different issues that illus- 
trate the problems States face. 

Our institutions are heavily committed to types of research that 
were developed at great expense, and adaptation of existing facili- 
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ties or development of new facilities places a severe financial strain 
on any one institution. . , 

We do not have as centralized a system of gove)'nan<^ m educa- 
tion as North Carolina, nor do we have a history of 'mstitutional 

collaboration. * ^ . ^ r i.u 

' As a consequence, we receive questions from various parts ot the 
State for research support and find ourselves having to broker that 
support in ways that puts some strain on the State Treasury. In 
the Tidewater area of Virginia, there is a demand for laser technol- 
ogies that must be driven off labortory work in universities. Our 
centers for that kind of work are at Charlottesville and Blacksburg, 
several hours away from the Tidewater area. 

Faculties do not wish to relocate their facilities. There is second 
the problem thai ia the technical areas industrial demand is often 
for relatively low-grade scientific activity and facilities concerned 
with research in the pure sense often dislike having to divert 
energy/from that activity in order to commit it to another activity. 

To take a very simple indication of the kind of thing that a State 
confronts, emerging new technologies demand a great deal of in- 
service training for graduate engineers who need to be constantly 
immersed in ongoing research. . . \ . . . i . 

It becomes difficult to persuade faculties that they ought also to 
provide what is from their perspective sometimes a relatively low- 
grade and perhaps even scientifically destructive. kind of instruc- 
tion on-site in a factory because industry needs that kind of contact 
with the academic wo{ld in order to continue industry's own devel- 
opment. , 1 i. . 1 

A great deal of recent technological advance has occurred outside 
the academy. The development around Bostdn, for example, in the 
labs of the high technology companies often took place without 
formal links to higher education. From time to time, both sides 
assert a certain amount of proprietary interest that prevents us 
from developing the collaboration that the marketplace clearly re- 
quires if the marketplace is to flourish. 

Mr. Gore. Well, thank you. That is very interesting. ^ 

Is there a danger that State universities will shift R&D emphasis 
toward applied rather than basic research that responded to State 
science priorities? I know you have wrestled with that I know your 
university people have, and V am interested in your views< 

Dr. Casteen. Let me make an observation about the type of sci- 
entific research that State universities cultivate. One can overdo 
the distinction, but we support basis and applied research in some- 
what different ways. We have a tradition of applied research. The 
best place to see it is in the land grant universities. Much of our 
research activity has, in fact, been directed toward the commercial 
'marketplace. 

Other .universities, especially private ones, are more committed 
to theoretical or basic research. They require some kind of special 
incentive to take part at all in the applied end of research. We find 
ourselves engaging in a kind of tug of war as we try to develop new 
attractions for industrial development because we cannot, in fact, 
commit the resources of all of our universities at the same level^ m 
all parts of the State to employers who might request collaboration 
within the academy. 
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Dr. LiNDSKY. I don't foresee that to be a danger. First, I think in 
some respects the dichotomy between basic and applied research is 
overdrawn. - 

Second, if you create a situation in which you have outstanding 
scientists, engineers, other types of people involved in this entire 
process, a highly stimulating environment results and vigorous 
minds will pursue these lines of interest, whatever they may be, 
that grow out of that jstimalation, much of which would normally 
be classified as basic research. 

Third, we find in the" affiliates' arrangements with industry, for 
example, that faculties and inevitably pushed toward more funcla- 
mental lines of investigation. Several industrial firms, when sup- 
porting, such research collectively, desire it be sufficiently removed 
from direct application. Each firm can then feel that the insights 
that may grow out of such basic research, can be. takea back to its 
own laboratory for appljied research and development purposes. 

Finally, I believe that the distinct role of the Federal Govern- 
ment is to continue to provide strong support for the more funda- 
mental lines of research. Defining those lines and how much to 
e.xpend on each is, of course, an extremely difficult process. 

Mr. Gore. Well, thank you very much. I appreciate your testimo- 
ny here today. 

Thank you very much, Mr. Chairman. 

Mr. Brown. AH right. I have no further questions, gentlemen, 
and I think you have had a long morning here, so we will conclude 
the hearing at this point and if we have any further questions re- 
quiring your help, w'e will sumbit them to you in writing. 

Thank you very much., 

(Whereupon, at 1 p.m., the subcommittee was adjourned.] 
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' WEDNESDAY. DECEMIIER 8. 1982 

House of Representatives, Committee on Science and 
Technology, Subcommittee on Science, Research 
AND Technology, and the Subcommittee on Investi- 
gations and Oversight . 

Washington, D,C. 

The subcommittees met, pursuant to call, at 10:45 a.m., in room 
»2322, Rayburn House Office Building, Hon. Albert Gore, Jr. (chair- 
man of the Subcommittee on Investigations and Oversight) presid- 
ing. 

Mr, Gore. The subcommittees will come to order. 

1 would like to apologize to* our witnesses and guests for the 
delay. I am told you were forewarned that there was other business 
this morning in the Democratic Caucus. Let me just explain that 
there was an important and significant change in the manner in 
which constitutional amendments are dealt with by the Congress. 
When an issue of that character arises, it is extremely significant. 

Congressman Walgren is still taking part in that consideration, 
and we may have a vote coming ,up very shortly, in which event I 
will seek to keep this proceeding going through the shuttle routine. 

Since World War II the United States has maintained leadership 
in many fields of science and technology, including biomedical tech- 
nology and computer technology. We take great pride in the accom- 
plishments which increase our well-being and improve our lives. 

The Federal Government has played a key role in the advance of 
knowledge through long-term real growth in funding for basic and 
applied research m all scientific areas. 

In the past decade, after adjusting for inflation, basic research 
funding increased by 2 percent, applied research by 3 percent, and 
development research by 3 percent. Throughout the 1960's, the U.S. 
ratio.of civilian R&D to gross national product steadily increased, 
and after a temporary decline in the early 1970's, surpassed its 
1960's levels, reaching an estimated 1.66 in 1981. 

Today, economic conditions have caused many to question the 
role of the U.S. Government /m the promotipxuof science and tech- 
nology. The Reagan administration lias stated that federal R&D 
level, excfept defense, are contingent on general economic condi- 
tions and fiscal constraints. Indeed, ^last year Federal funding for 
basic research dropped 2 percent, accounting for inflation. 

Last yean the Director of the Office of Science and Technology ^ 
Policy, Dr. Keyworth, told the full committee that in light of the 
• current economic situation, real growth in science cannot continue 
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and that cutbacks in science are not likely to harm the health of 

American science. ^ ^ , . ^ * 'x/ .t^ot% m! u 
Furthermore, OSTP has informed the Congre^ss that R&D will be 
subject to more rigorous criteria of excellence and pertinence. In 
that connection, we regret that Dr. Keyworth could not be present 
at this hearing to elaborate on his views/ We hope to hear from 
him on another occasion soon. 

* Other nations have incorporated science advancement as a major 
component of their industrial policies. Industrialized countries such 
as Japan and France are subsidizing research and development for 
new products and services desired in expanding world markets. 
Such increased international support for science requires even ^ 
greater U.S. scientific resourcefulness and strategies for maintain- 
ing U.S. competitiveness. ^ 

' Within this country as well, increasing competitiveness among 
the States to attract high technology industries has .resulted in pew 
State science and technology programs for upgrading scientific 
manpower and encouraging^ commercial usefulness of university re- 
search. Thus, the States will play an increasing role in the direc- 
tion of science policy. ^ ^ 

While we must strive for increased innovation and corporate pro- 
ductivity, the Federal Goverment must continue to play a vital role 
in ^leveloping noncommercial advances in science which serve the 
greater public interest by protecting our health, environment, and 
our national defense.* , ^ . ,. . 

Debate is fast emerging regarding the role of public interest as a 
component in the direction of scientific and technological research. 
The National Science Foundati6n'3 recent "Five-Year Outlook em- 
phasizes the stress which science is currently suffering due to the 
lack of public support for science. We must establish linkages be- 
tween science and" the public in dialogues regarding the role of sci- 
ence in the United States. 

We will focus on a number of issues related to these concerns m 
today s hearing: . * i.t^iit^ot^ 

No l» how can the public interest be reflected in Federal R&D 
decisionmaking, in the choices and in the development and applica- 
tion of technology? , r j- i i r 

No. 2, how do we best determine the optimal /unding level tor 
basic research? - ^ • ^ wj 

No. 3. what are the proper respective roles of government atia 
private industry in funding applied research and development? 

No. 4» should the United States target certain R&D for interna- 
tional economic competition? 

N0..0, what lessons can the Government learn from our leading 
corporate research efforts, and what public policies, should result? 

We would like to thank our distinguished witnesses who are ap- 
pearing here today. * ^ 

I would like to recognize my colleague, the gentleman trpm Uhio, 
Mr. Shamansky. 

^ Mr Shamansky. Thank you, Mr. Chairman.' ,^ ^ , 

I appreciate the opportuQity to welcome Dr. Ronald Paul, presi- 
dent of the Battelle Memorial Institute, andGeorge Johnson, a vice 
president of Battelle. I think your remarks were especially appro- 
priate because Battelle has" raised at least to me and then through 
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me a bill called the Automobile Research Competition Act, the 
whole question of how you free up or inspire the .private sector to 
invest its funds and then reward it if in fact it meets this^ criteria. 

We have an*analogy with the way we develop military aircraft. 
We even have an analogy in history in Britain in the I900's when 
they would have competition for the advances that enhanced the 
industrial revolution in England. 

So, it seems to me that instead of having the Federal Govern- 
ment do everything directly, we might well use the idea which 
originated, as far as I am concerned, at Battelle, of a competition, 
establish their criteria and then encourage the private sector to 
meet that. In case they make the criteria, they would then get re- 
imbursed. 

We certainly have got to fii^d a better method of inspiring the 
private sector to risk its capital, but at least with the chance of get- 
ting repaid. 

I welcome the distinguished Dr. Paul as a witness. 

Mr. Gore. The gentleman from New Mexico, Mr. Skeqn. 

Mr. Skeen. Thank you, very much, Mr. Chairman. 

I, too, regret the delay this morning, but it is understandable. It 
is what makes this thing work or not work, depending on how you 
look at it. - » . 

I want to commend you for the heaVings. I think this particular 
topic is extremely important. I see in the Wall Street Journal of 
yesterday that we are not buying frogs anymore for dissection, bio- 
logical labs anymore, because of our inability to keep up with the 
pace of the money that we have expended on science in the United 
States, 

I think that is extremely regrettable. I think that is what made 
. this country as great as it is today. 

I want to welcome the two gentlemen who are here today. Dr. 
Paul and Dr. Patel. We appreciate you being here,, particularly 
from that sector of the science community representing the .private 
sector. 

We appreciate you being here. I want to welcome you and am 
looking forward to your testimony. 
Thank you, Mr. Chairman. 

Mr. GoKE. Thank you. y 
Without objection, I would like to include the statement of Con- 
gressman .Doug Walgren, the chairman of the Subcommittee on 
Science, Research and Technology, in the record at this point. 
[Jl^ opening statement of Mr. Walgren follows:] 

r^i»E.Ni.N(\ Remarks of, Hon. Doug Walgre.n, Chairman. Slbcommittek on SciIQ^ce, 

Re^search and Technology 

I joiH Chciiriiicm Guru tn welcoming our distinguished witnesses to this second da> 
of henrings on "Setting Priorities for Science". 

The opening day, held September 30. gave us the benefit of hearing from two 
groups of Witnesses with important experience in this matter, ofilcials of Federal 
agencies and academic experts, * 

Tud»)> we \\\\\ hear three distinguished representatives of American industry. It 
has long been recogni/ed thtit man> of the dramatic tidvahws made b> industrv in 
this centur> are science based, and that a significant part of the science on which 
those advances has been based has been done by industry itself. 

Because the must impurt<mt reason for the Federal Oovernment's support of sci 
entific resecirth i^ our expectation that it will contribute to technological advance, 
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we tan no doubt Iwirn much about priority setting from the outstanding practit'on- 

^'^For congressional committees, who each year must review the budgets of the Fed- 
eral science agencies, priority setting questions do not involve the choice of individu- 
al research projects or the support of individual scientists. Rather, the priorities 
that must be establibhed involve choices between funding levels for disciplines and 
subdisciplines, between individual large and costly "big science" facilities, and ulti- 
mately the difficult question of "how much is enough" to meet the several national 
objectives which together constitute the rational for federal support of science 

I look forward to hearing the viewi, of today s witnesses and to our discussion with 
them of the applicability of those views to our priority setting process in the Con- 
gress. 

Mr. Gore. Let me also note for the record the regret of the two 
subcommittees that our third witness this morning, the chairman 
of the board of the National Association of Manufacturers, Mr. Ber- 
nard J. O'Keefe, for reasons not quite clear to the subcommittees 
decidtd at the last moment last night, late, that he didn't want to 
testify and pulled out at the last minute. We don't exactly know 
why. It is somewhat puzzling. We had hoped that the NAM would 
have some contributions to make to this proceeding. 

{The prepared statement of Mn Bernard O'Keefe was submitted 
at this time for inclusion in the record:] 
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TEST I MONT OP 
BERNARD O'KEEFE 
CHAIRMAN 

^ NATIONAL ASSOCIATION OF MANUFACTURERS 

-SETTING PRIORITIES FOR SCIENCE" 

f Introduction 

I -am Bernard J. O'Keefe, Chairman and Chief Executive 
Officer, EG&G, Inc. and Chainnan of the Board of the Nat-^onal 
Association of Manufacturers. 

;/e commend the Committee for holding these hearings and' 
thank the Chairman anc^ his staff for affording NAM the 
opportunity to express its concern over R&D priorities. 

The NAM is a voluntary membership organization representing 
approxi.ua t el y 12,000 companies which employ a majority of the 
country's industrial labor force and which produces over 85 per 
cent of the nation's manufactured goods. The*Association is also 
affiliated with on additional 158,000 businesses through th? 
National Industrial Council and NAM's Association's Department. 

Research and Development expenditures by industry will 
increase in 1983 despite the conditions of a poor economy. By 
3attelle Merroriai Institute's estimate, U.S. industry vill spend 
$41.4 billion on R D m 1983, about 7,6 per cent mcjre than this 
<year. One of the reasons for the increase is a change in the 
attitudes of corporate executives to R D goals over the last 
two years . 

Through most of the decade of the 70s, a major portion of 
R «i D expenditure was characterized aa defensive. With the 
passage of stringent environmental laws and very wide 
interpretation of the concepts of product liability on the part 
of the courts, most companies had to pay a great deal of 
attention to increased environmental constraints on the 
performance of their products m the marketplace and the 
possibility of being held liable for the per formance .of their 
products m situations which ^went far beyond the product 
specifications ori^jinally ^contemplated. This was particularly 
true in automobiles, chemicals and phamaccuticals . Since 
cooperative research was inhibited by anti-trust laws, each 
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company had to solve its problems in isolation, resulting in a 
very inefficient use of manpower and money. 

*Xn the past two yeArs, attitudes have been changing. Much 
of the research needed to comply with environmental laws has been 
carried out, and industry has modified its specifications to 
reduce the risk of liability. Further, the Administration and 
the Congress are making a sincere effort to redu-e needless 
-government regulation, and the courts are beginning to realize 
that overly-lJLberal interpretations of liablity laws are not in 
the best lon^-ran^je interest of the consumer who mOst pay the 
price of overly-conservative product design. 

During the present recession American industry has come to 
realize the extent to which we are in a world economy, that we 
must f 1 jht to stay ahead, and that many of our basic industries 
must be restructured. The trick of economic ad3ustment in times 
lJL;^e these is to nourish new industries while sustainin9 the old 
ones. The new industries are in electronics, bio-technology, 
communj;cation3 and other hijh-tech areas. We are stepping up 
R & D in those industries to maintain our corapet.itive 
international edge. These sciences are developing markets of 
their own in new and exciting fields such as home comput<yrs, 
w^rd-processinv^ and bio-technology which is delivering improved 
medicines such as interferon. But they are also important to 
restructuring and improvement of pro<iuct ivity in our basic, 
capital intensive industries. In 1983, fifty-two per cent of the 
$100 billion industrial capital spending will be for computers, 
ccmmunication systems and electrical instruments. This market is 
^ust be^jinning. 

tMyback periods vary widely with fhe company and the product 
line. In minicomputers and semiconductors, product life cycles 
can be as short as three years, so early payback is essential. 
In pharmaceuticals and chemicals, five to ten-year paybacks are 
adequate. With today's high interest rates and our recent 
history of inflation* it is difficult to see how any unregulated 
industry can afford paybacks longer than ten years. On a 
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discounted cash fl^^w basis the value of a dollar invested today 
becomes vanishingly small afte.r ten years. 

one of the most important points for Congress to consider is 
the wasteful, expensive, non-competitive aspects of anti-trust 
law on R & D. New ventrures, new products are risky, the riskiest 
dollars a company can spend. They are risky not only because the 
project may not turn out to be feasible, but also because the 
effort can be superseded, by domestic or international 
competitors. Oui internatio'nal competitors, particularly Japan, 
are exempting ^ng-range cooperative R&D from their monopoly 
laws. They invested $100 million in cooperative R D for random 
access memories and now have the bulk of the market. They are 
Gurnently investing $300 million in research on fifth generation 
computers. After the R & D is finished the information is widely 
disseminated. Y There is plenty of roan for competition in 
engineering, manufacjturinq , finance and marketing. , 

We may have as many as a dozen companies working on the same 
problems, but the work is wasteful of talent, time, and money 
because each must duplicate »-.he work of the others. Nor does it 
have the critical mass of brainpower available when scientists 
are allowed to work in collaboration. It will be devastating to 
our economy and to our national security and prestige if we have 
to go to Japan for the latest computers in 1990, because the 
individual U.S. companies could not afford to do the R & D in 
this country. Relief from these structures .will be paramount to 
our 3cienti£\j.c success in the years to cone. 

There hv\s been a trend among U.S. companies engaged in 
research and development to move away from the long-range, basic 
r**3earch. This *'blue-sky" research is always uncertain of 
yielding marketable results, and can be very expensive over the • 
long run. The NAM believes that because government is doing much 
of this workf there is even less chance that the results of such 
research can benefit the. economy. We believe that changes in the 
patent policies of government to allow exclusive licensing of 
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government owned patents— which have been estimated to number 

some 28,000--could help bring the results of government- funded 

research closer to the marketplace. 

To sununarize, we believe that among the major priorities for 

research and development in th^ private' sector in, the U.S.., 

encouragement of cooperative research through changes in 

if 

anti-trust, and the opening up of government owned patents 
through exclusive licensing would contribute substantially to 
maintaining V.S. preeipinence in science and technology. 

Mr. Gore. At any rate, let me call our first witness. Our first wit- 
ness is Dr. Ronald Paul, president of Battelle Memorial Institute, 
Columbus, Ohio. 

Dr. Paul, we are delighted to have you here. Our colleague, Mr. 
Shamansky, has sung the praises of Battelle for lo these 2 years, 
and we have had the benefit of a lot of the work that you all have 
done. We appreciate your assistance on this occasion. 

Without objection, your entire prepared statement will be includ- 
ed in the record in full. We invite you to present it. If there are 
any portions you care to summarize, feel free to do so. 

Welcome, 

[The biographical sketch of Dr, Paul follows:] 
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DR. RONALD S. PAUL 
A Biographical Sketch 



Dr. Ronald S. Paul 1$ President and Chief Operating Officer of Battclle . 
Meiwrial Institute — an organization of 7,300 scientists, engineers, and 
supporting specialists engaged in worldwide research, educational, and 
technology develop<w»nt activities. A pioneer in contract research. BattelU 
is the world** largest nonprofit independent research institute. \ 

In his present position. Dr. Paul has responsibility for the 'Institute's five 
■ajor operating components in the United States and Europe and related 
corporate functions. ^ 

Sirfce Joining Battelle in 1965, Dr. Paul has held a succession of key 
Mnagenent positions: Director of the Battelle Seattle Research Center 
(1968), Director of the Pacific Northwest Division (1971), Corporate Vice 
Presfdcnt - Operations (1973), Senior Vice President (1976), Executive Vice 
President and Chief Operating Officer (1978), and his present position (1981). 

Before joining Battclle, Dr. Paul performed and inanaged research in nuclear 
physics, reactor physics and instrumentation, nondestructive testing, 
ridfologlcal physics, and atmospheric sciences for 13 years at the General 
Electric Conpany*s Hanford Atomic Products Operation in Richland. 

Dr. Paul is a •ember of the American Physical Society and the American Nuclear 
Society and of the scholastic honoraries Pi Mu Epsilon, Sigma Pi Si^, and 
Sigma Xi. He has authored .a nur*er of technical papers and was a Lecturer in 
nodern physics at the Richland Graduate Center for several years. In 1962, he 
served as a technical consul Unt to Japan for the International Atomic Energy 



Active in civic affairs. Dr. Paul is a member of the Board of Trustees of the 
Center of Science and Industry in Columbus, the Board of Directors of the 
Columbus Cancer Clinic, the Board of Trustees of Children's Hospital Rjs««rch 
Foundation in Colun*us, the Executive Board of the Central Ohio Council of the 
itoy Scouts' of i^wrica, and the Planning, Review, and Evaluation Organization 
in the Coalition for Cost Effective Health Services, In addition, he is a 
nearer of the Board of Trustees of Denison University, Granville, phio, and 
the National Advisory Board of The American University in Washington, D.C. 

Or. Paul earned his B.S., M.S., and Ph.D. degrees — all in physics — at the 
University of Oregon. 



STATEMENT OF DR. RONALD PAUL, PRESIDENT. BATTELLE 
MEMORIAL INSTITUTE. COLUMBUS, OHIO 

V Dr. Paul. Thank you. 

Mr. Chairman and members of the subcommittee, I am really 
pleased to be able to appear here today and comment on the set- 
ting of priorities in science. I am doing this out of personal experi- 
ence and the experience of Battelle, 

Battelle Memorial Institute is a private, independent, nonprofit 
but tax-paying corporation. I think we are quite unique in that 
latter regard. Our basic purpose is the advancement and utilization 
of science for thfe benefit of mankind through technological devel- 
opment and education. 

We operate four large, multi-purpose laboratories located in Co- 
lumbus, Ohio, Richland, Wash., Geneva, Switzerland, and Frank- 
furt, West Germany, and a nunriber of specialized facilities else- 
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Our division in the State of Washington is also a prime contrac- 
tor to the government for nianagement and operation of the Pacific 
Northwest Laboratory of the Department of Energy. 

The several Battelle laboratories perform research, development, 
and related technical .activities on a diverse array of subjects 
through contracts with Government agencies, commercial organiza- 
tions and trade associations. These are worldyvide. 

We also have a project management division headquartered in 
Columbus, v^hich established and manages the Office of Nuclear 
Waste Isolation for the Department of. Energy. This office is the 
key element in the national waste terminal storage program, 
which is concerned with the ultimate geologic disposition of the 
residue from operation of commercial nuclear power plants. 

Our corporate headquarters and two subsidiaries. are located in 
Columbus. The latter are devoted to bringing technology into com- 
mercialization through the development, patenting, and licensing 
of inventions, and through establishing and assisting new techno- 
logical business enterprises, 

I3attelles annual volume of work funded by others will exceed 
§12.; million this year. This work is primarily of a mission-oriented 
and problem-solving nature. However, embedded within it there 
also is basic scientific research and a^dependence upon basic scien- 
tific research done by others. Therefore, national science priorities 
impalct what we do, and what we and similar organizations do in- 
fluences and should influence national science priorities. 

I will bring to your attention some of the features of the process 
of bringing science into utilization which can be influenced by 
congressional action or inaction. / 

Assume for a few n[ioments a generalized process ,which begins 
with the discovery of scientific knowledge and ends with quality of 
life. We all know in reality that the process is a highly complex, 
dynamic interactive effort which has many alternative routes, 
branches, and dead ends. The beginning of this model centers upon 
the discovery and advancement of scientific knowledge. Three of 
the crucial areas of Federal policy at this pole that merit your con- 
cern are these: 

First, Federal support for education and education-related re- 
search in science and engineering needs tote equitably distributed 
nationwide, primaril>» but not exclusively, through academic insti- 
tutions. 

One reason is that no citi/en with aptitude should be denied the 
entry opportunity for becoming a productive scientist or engineer 
through the circumstances of birth or location. 

Another ceason is that the level of scientific knowledge of the 
general population needs to be increased because of the rapidly in- 
creasing technological dimensions of our society. The constructive 
utilization of science seems to be blocked much more frequently by 
ignorance than by knowledge. 

^ocond,, those relatively few scientists and technologists who 
have unubUtil competence, creativity and even genius must be un- 
dergirded bv the Federal Government. They make the discoveries 
and lead the cidvancements which open entirely new fields of op- 
portunity, The> are the spearheads for our global leadership in sci- 
ence. Theymust be identified and nurtured. 
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Third the Federal Government must continue to make long-term 
commitments to a few areas of science that require very expensive 
equipment and facilities-for exlimple, in studying thfe universes of 
very small dimensions of atomic, nuclear, and subnuclear matter, 
or in exploring and studying the universe of very large dimensions 
of the space sciences. , • rr j V 

Only advanced industrialized nations as ours can afford such re- 
search Thus, we .have a responsibility to <:hoose wisely these long- 
term projects, to stay with them consistently and long enough to 
assure them sufficient opportunity to be productive, and to coura- 
geously shut them down when they have outlived their scientific 
usefulness. , . , „ . 

For convenience, I will simply term the middle area m our dis- 
cussion model "applied research' and development.'* The major par- 
ticipants include industrial laboratories, private institutions such 
as Battelle, government in-house and contractor-operated laborato- 
ries and applied engineering schools. Many Federal policies affect 
them. I will highlight only three ofnhe several impacts I consider 
of high importance. . . . ... 

First, the government scientists and engineers in agencies which 
contract for R&D services need. to be competent, to be professional-, 
ly motivated, and to have continuity in their assignment compara- 
ble to the deration of the contracts they help manage. 

The importance of the sponsor function is something we at Bat- 
telle know well from more than 50 years* experience as a leading 
pioneer and proponent of contract research. No matter how able 
the performer of the R&D is, the entire project or program suffers 
when the sponsor or client is technically weak, has ill-defined or 
shifting goals, or frequently changes personnel. 

I and many of my contemporary colleagues are deeply concerned 
about the increasing prevalence of these situations during the past 
10 years 

The examples of fine technical sponsorship that do exist in-parts 
of the government need to be broaUly emulated. Great results can 
be achieved when therejs a partnership between government and 
contractor based on mutual professional respect, confidence, integ- 
rity and trust. Great waste of resources can occur when any of 
these characteristics'is lacking. i . r . • 

Decisions on R&D budget appropriations need to factor in the 
ability of the cognizant agency to professionally manage the funds. 
Where deficiencies occur, corrective actions should be taken and 

supported. • , . , i . i * j * 

Long-term measures should be devised and implemented to 
assure that we have a cadre of scientists and engineers within the 
Government who are highly professional and dedicated, but per- 
haps fewer in number than now. _ . r dp n 
Second, the policies governing competitive procurement of K&U 
bv Government agencies need periodic evaluation and improve- 
ment In our experience, competitive procurement works well in 
^ our system when the end goals» or the deliverables, as we say, are 
x;learly dcscribable, and when the sponsoring agency has technical 
competence. . ^ u\i r 

Problems can arise if the contract is more for research than for 
development; ^that is, more to seek discovery and understanding 
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rather than to solve a particular problem. Or problems arise if the 
technical competence of the sponsor is weak. Then the risk exists^ 
of having nontechnical factors, such as price and ancillary goals, 
unduly influence the procurement decision to the detriment of sci- 
entific and technological process. 

Another concern is the possibility and, in fact, the likelihood that 
in highly competitive procurements the number of potential bid- 
ders is not reduced rapidly enough. Consequently, the economic 
and human resources consumed in the bidding process by the 
losers may easily exceed the resources applied to the project by the 
winner of the contract award. 

To minimize this nonproductive consumption of scarce resources, 
we need streamlined procedures for competitive procurement of 
R&D which are more cost effective for both the Government and 
the potential bidders.* 

The agency people tell us that their burdensome procurement 
procedures are required by Congress. Those procedures need to be 
balanced by appropriate levels of opportunity for sole source nego- 
tiation of R&D contracts. 

Third, it is important that Government R&D procurement poli- 
cies recognize the necessity and importance of internal research 
xand development, commonly referred to as IR&D All applied R&D 
laboratories— industrial, nonprofit, academic, or Government- 
need some financial capacity to do work at their own discretion on 
subjects that are not yet directly supported by funding from their 
mission-oriented sponsors. This IR&D js an important seedbed for 
germinating new ideas which can lead to new technologies or new 
applications for existing technologies. 

Often IR&D also is a^principal means for applied research orga- 
nizations to have a few basic research scientists on their staff who 
become an important linkage between the originators and the 
users of fundamental scientific discoveries and knowledge. 

Although the level of internal research and development within 
Battelle is less than what we would like, being only several percent 
of our total .activities, it has a strong influence in shaping our sci- 
ence priorities. Government policies should liberalize rather than 
restrict the allowability of IR&D as an indirect expense of Govern- 
ment R&D contracts. ' 

The output of the flow of scientific knowledge includes commer- 
cial technological processes and products, and a variety of methods 
and devices used by operational Government units. 

The interaction of national science policy with these end uses in 
both the private and Government sectors is very complex and 
beyond the scope of this brief statement. Therefore, I will limit my 
remarks to several observations made through the window of Bat- 
telle's contract research business upon this scene. 

During the seventies, much of our contract research was defen- 
sive in nature; that is, it derived from regulatory legislation in the 
environmental, health, and safety fields, for example. Most such 
projects had social merit when considered individually. 

However, the totality of their magnitude and pace diverted 
public and private resources that might otherwise have been ap- 
plied to the maintenance and improvement of our industrial pro- 
ductivity and our international competitive position. 
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DurinK the last several years— and I am pleased to report this— 
our mix of contract research has become more balanced. An in- 
creasing share is now aimed at new product and process develop- ^ 
ment and at productivity improvements. These trends and support- 
ive Government policies can become major contributors to econom- 

fSS^patent policies as they apply to Government R&D -need 
to provide incentives for the private sector to make those invest- 
ments needed foe commercialization. For example, concern over 
granting exclusive rights to one licensee is sometimes a barrier. We 
deal with that in Battelle in our own commercialization efforts by 
requiring the licensee to diligently pursue commercialization in 
order to obtain and retain,exclusivity. 

Because in many of our endeavors we act as a bridge between 
Government and industry, I thought you might be interested in 
how we set our own R&D investment priorities. Briefly, we perform 
an analysis based on five perspectives: . -u i„ ;^ 

One, an examination of current and potential future technologies 
for growth or significant impact. I say as an aside that this in- 
cludes examining the sciences concerned for those sensitive areas 
where breakthroughs or new knowledge will create considerable 
leverage in openifig up new fields of technology. ,. ^ • 

Two! a review of the needs and interests of our clients in the 

""ThrS'arf assessment of gaps or voids in the R&D efforts of Gov- 
ernment and industry. i- r tu«o« 

Four, an estimate of the timeframe for the application of these 
technologies and the duration of financial supRort. 

Five, an evaluation of our own skills and interests to build on 
our strengths or build up our stafis. . , , • T 

This is not a rigid 9nd formalized -evaluation, but it does involve 
a structured assessment conducted by teams involving scientists, 
and technologists in our United States and European divisions, cou- 
pled with our marketing representatives. , , . , • , 

This corporate proces-s is an addition to the planning and priority 
setting by our divisions. Their bottoms-up efforts are supplemented 
by our corporate top-down assessments. Where we believe that ad- 
ditional attention needs to be given to a research area or subject, 
we support the effort with corporate funds at one or more oi the 

'^'in 'the final selection process, financial payback does not domi- 
nate the decisions. It is important because vye must be hnancially 
viable. But of greater relevance to us is the benefit or signilicance 
of the potential results. ' , r ^i. ^ L 

In conclusion, my remarks have been made from the yantagfe 
point of a large, independent applied research organization. We 
have a stake in the welfare of basic science on one hand and in the 
welfare of the users of science and technology oti the other hand, l 
have noted several ways in which national science priorities impact 
the total process of bringing scientific knowledge into utilization. 

I will be pleased to answer any questions yoU may have. 

(The prepared statement of Dr. Paul follows;] 
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STATEMENT OF 

DR. RONALD S. PAUL 
PRESIDENT 
BATTELLE MEMORIAL INSTITUTE^ 

before the 

SUBCOMMITTEE ON INVESTIGATIONS AND OVERSIGHT 

and the 

SUBCOMMITTEE ON 
SCIENCE. RESEARCH, AND TECHNOLOGY 

of the 

COMMltTEE ON SCIENCE AND TECHNOLOGY 
U.S. HOUSE OF REPRESENTATIVES 

December 8, 1^82 



Hr. Chairman, ind members of the subcommittees, I appreciate this opportunity 
to discuss the setti>ig of priorities in science. 

Battelle Memorial Institute is a private, independent, nonprofit, but 
tax-paying corporation with over 7000 staff meirbers worldwide. Our basic 
purpose is the advancement and utilization of science for the benefit of 
nankind through technological development and education. 

We operate four large, multipurpose laboratories located in Columbus, Ohio; 
Richland, Washington; Geneva, Switzerland; an^ Frankfurt, Vest Germany; and 
several specialized, facilities elsewhere. Our division in the State of 
Washington also is a prime contractor to the government for management and 
operation of the Department of Energy's Pacific Northwest Laboratory. The 
various Battelle laboratories perform research, development, and related ♦ 
technical activities on a diverse array of subjects through contractus with 
Sovernment agencies, industrial firms, and trade associations. 

We also have a Project Management Division headquartered In Columbus which 
established and manages the Office of Nuclear Waste Isolation for DOE. The 
Office of Nuclear Waste Isolation is a key element In the National Waste 
Tcrtninil Storage Program for the ultimate disposition of the radioactive 
material resulting from the operation of commercial nuclear power plants. 

Our corporate headquarters and two subsidiaries are located In Columbus. The 
latter are devoted to. bringing technology Into conmerciallzatlon through the 
dievelopm^nt, patenting, and licensing of Inventions; and through establishing 
dnd assisting new technological business enterprises. 
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B4t.teUe*s innuti volume of work funded by others will exceed $425 nllllon 
this year. This work Is primarily of a mission-oriented and probleoi-solving 
nature. However, ei^edded within it there also is basic scientific research 
and a dependence upon basic scientific research done by others. Therefore, 
national science priorities impact what we do, and what we and similiar 
organizations do influences and should Influence national science pr iorities. 

I. The Process of Science Utilization 

I wish to bring to your attention some of the features of the process of 
bringing science into utilization which can be influenced by congressional 
action or inaction. Assume for ^few moments a generalized process which 
begins with the discovery of scientific knowledge and ends with 
understanding, .products, or processes which improve or preserve the 
qua1it;y of life. We all know in reality that the process is a highly 
complex, dynamic interactive effort which has many alternative routes, 
branches, and dead ends. 

A. The Discovery Phase 

The beginning of this model centers upon the discovery and advancement 
of scientific knowledge. Three of the crucial areas of federal policy 
at this pole that merit your concern are these: 

• First, federal support for education and education-related research 
in science and engineering needs to be equitably distributed 
nationwide, primarily, but not exclusively, through academic 
institutions. One reason is that no citizen with aptitude should 
be denied the entry opportunity for becoming a productive scientist 

% ' or engineer through the circumstances of birth or location. 

Another reason is that the level of scientific knowledge of the 
general population needs to be increased because of the rapidly , 
increasing technological dimensions of our society. The 
constructive utiliz'ation of science seems to be blocked much more 
frequently by ignorance than by knowledge. 

• Second, those relatively few scientists aijd technologists who have, 
unusual compe.tence, creativity, and even genius must be underglrded 
by the federal 'government. They make the discoveries and lead the 
advancements which open entirely new fields of opportunity. They 
are the spearheads for our global leadership in science. They must 
be identified and nurtured. 

• Third, the federal government must continue to make long-term 
coimitments to a few areas of science that require very expensive 
equipment and facilities - for example, in studying the universes 
of very small dimensions of atomic, nuclear, and subnuclear matter; 
or in exploring and studying the universe of very large dimensions 
of the space sciences. Only advanced industrialized nations such 
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is ours can af/ord such research, fhtfs, we h^ve a responsibility 
to choose wisely these long-terra projects, to stay wUh them 
.consistently and long enough to assure them sufficient opportunity 
« to be productive, and to courageously shut them down when they have 
outlived their scientific usefulness. 

Tlie ttevelopntent Phase 

For convenience, I will simply term the middle area in our discussion 
•odel •'applied research and de^felopment." The najor participants' 
include industrial laboratories, private institutions such as 
Battelle, government in-house and contractor-operated laboratories, 
and applied engineering schools. Many federal policies ^ffect them., 
I will highlight only three of the several impacts I consider of high 
^Importance. 

t First, the governrwnt scientists and engineers in agencies which 
contract for RiD services need to be competent, to be 
professionally motivated, and to have continuity in their 
assignment comparable to the duration of the contracts they help 
manage. The importance of the sponsor function is something we, at 
Battelle, know well from more than 50 years of experience as a 
leading pioneer and proponent. of contract research. No matter how<^ 
able the performer of the R&D is, ths entire project or program 
suffers when the sponsor or client Is technically weak, has 
ill-defined or shifting goals, -or frequently changes personnel. I 
and many of my contemporary colleagues are deeply ^concerned about 
the increasing prevalence of these situations during the past ten 
^ears. , ^ * ' » 

The examples of fine technical sponsorship that do exist in' parts 
of the government need to be broadly emulated. Great results can 
be achieved' when there is a partnership between government and 
contractor based on' mutual professional respect, confidence, 
integrity, and trust. Great waste of resources can occur when^nny 
of these characteristics Is lacking; ^ . ' 

Decisions on RAD budget appropriations need ^o factor in the 
ability of the cognizant agency to profess ionally^ manage the 
funds. Where deficiencies occur, corrective actions should be 
taken and supported. Long-term measures should be devised and 
implemented to assure that we have a cadre of scientists and 
engipeens within the government 'who are highly professional and 
\ ^ dedicated, but perhaps fewer in number than now. ^ - 

• Second, the policies governing competitivt procurement of* RID by 
government agencies need periodic evaluation and improvement. 
Competitive procurement works well in our system when the end 
goals, o:' the deliverables as we sayi are clearly describable;* and 
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when the sponsoring agency h«s technic*! cocnpetenc*. Problems c«n 
arise if the contract is nore for research than for development; 
that is, wore to seek discovery and understanding rather than to 
solve a particular problem. Or problems arise if the technical 
competence of the sponsor is weak. Then the risk exists of having 
nontechnical factors such as price and ancillary goals unduly 
influence the procurement decision to the detriment of scientific * 
and technological progress. ^ 

Another concern ii the possibility, and, in fact, the likelihood, 
that in highly competitive procurements the number of potential 
bidders is not reduced rapidly enough. Consequently, the economic 
and human resources consumed in the bidding process by the losers 
may easily exceed the resources applied to the project by the 
winner of the contract award. To minimize this nonproductive 
consumption of scarce resources, we need streamlined procedures for 
competitive procurement of R40 which are more cost-effective for 
both the government and the potential bidders. The agency people 
tell us that their burdensom procurement procedures are required .by 
Congress. Those procedures need to be balanced by appropriate 
^levels of opportunity for sole source negotiation of R40 contracts. 

• Third, it is important that government R4D procurement policies 
,recognlze the necessity and importance of internal research and 
development {IR40). All applied R4D laboratories - Industrial, . 
nonprofit, academic » or government — nfeed somt financial capacity 
to do work at their own discretion on subjects that are not yet 
directly supported by funding from their mission-oriented 
sponsors. This IRiO is an ImporUnt seedbed for germinating new 
ideas which can lead to new technologies or new applications for ' 
existing technologies. Often IRiD also is a principal means for 
applied research organizations to have. a few basic research 
scientists on their staff who become an imporUnt linkage between 
the originators and the users of fMndatpent^il scientific discoveries 
and knowledge. Although the level of IR4D within Battelle is less 
than what we would like - being only several percent of our total 
activities - it has a strong influence in shaping our science 
priorities. Government pol icies should liberalize rather than 
restrict the allowability of IR&D as an indirect expense of 
government RSD Contracts. 

C. The Application Phase 

The output end of the flow of scientific knowledge includes commercial 
technological processes and products, and methods and devices used by 
operational government units. The interaction of national science 
policy with these end uses in both the private and government sectors 
is very complex and beyond the scope of this brief statement. 
Therefore, I will limit my remarks to several observations made 
through the window of .Battelle's contract research business upon this 
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• During the seventies, much of our contract research was defensive 
in nature; that is, it derived from regulatory legislation in the 
environmental, health, and safety fields, for example. Most such- 
projects had social merit when considered individually. However, 
the totality of their magnitude and pace diverted public and 
private resources that might otherwise have been applied to the 
main|:enance and improvement of our industrial productivity and 
international competitive position. During the last several years, 
our mix of contract research has become more balanced. An 
increasing share is now aimed at new product and process 
development and at productivity jroproveroents. These trends and 
supportive government policies can become major contributors to 
economic recovery. 

Finally, patent policies as they apply to government R4D need to 
provide incentives for the private sector to make those investments 
needed for commercialization. For example, concern over granting 
exclusive rights to one licensee Is sometimes a barrier. We deal 
• with that in Battelle by requiring the licensee to diligently 
pursue commercialization in order to obtain and retain exclusivity. 



II. RSD Investment Priorities 

Because in many of our endeavors we act as a bridge between government and 
industry, I thought you might be Interested in how we set our own R&D 
investment priorities. Briefly, we perform an analysis based on five 
perspectives: 

t An examination of current and potential future technologies 
for growth or significant Impact. 

t A review of the needs and interests of our clients in the 
marketplace. 

• An assessment of gaps or voids in the R&D efforts of 
govern??ent and industry. 

• An estimate of the time frame for the application of these 
technologies and the duration of financial support. 

• An evaluation of our own skills "and interests to build on our 
strengths or build up our staffs. 

This is not a rigid and formalized evaluation, but it does involve a 
structured assessment conducted by teams involving scientists and 
technologists in our United States and European divisions coupled with our 
marketing representatives. 
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This corporate process is an addition to th^ planning and priority setting 
by our divisions. Their bottoms-up efforts are supplernented by our 
corporate top-down assessments. Where we believe tfiat additional 
attention needs to be given, to a research area 'or subject we support the 
effort with corporate funds at one or more' of the divisions. 

in the final selection process, financial payback does not dominate the 
deci.sions. It is important because we must be financially viable. But of 
greater relevance to us is the benefit or significance of the potential 
resul t.s , 



In conclusion, my remarks have been ma'Je from the vantage point of a large 
independent applied research organization. He have a stake in the welfare of 
basic science on one 'hand, and in the welfare of the users of science and 
technology, on the other hand. I have noted several ways in which national 
science priorities impact the total process of bringing scientific knowledge 
into util ization. 

I will be pleased to answer any questions you may have. 



* 



4 



I 



4 



ERIC 



e 




150 

Mr. Shamansky. Thank you, Dr. Paul. 

I believe before questions we will have Dr. Patel testify. 

Thank you very 'much. 

Mr. Shamansky. Dr. Patel? 

(The biographical sketch of Dr. Patel follows:] 

Dr. C. Kumar N. Patki. " 

Kumar N. Patel ib Executive Director, Research, Physics Division at Bell Labo- 
ratories in Murray Hill, New Jersey. 

In iy»I4 Dr« Patei invented the carbon dioxide laser, today the most widely used 
laber industry, mediLUie. and bcientific research. In 1009, Dr Patel pioneered in the 
development of the bo-called "spin-nip Raman laser," and he later used this type of 
tun<iblt; laser to detect air pollutanti> at extremely small concentrations His work 
ha> led' to munv othei laber b>bt,emb, including some which are now being explored 
for possible use in nuclear fusion pow:er generation. 

Dr. I'atel hah received nuineroub jionors and awards. These include the Optical 
Societ> of America » Adolph l^^mb Medal, the PVankhn Institute s Stuart Ballantine 
Medal, the Amenum Chenutal Societ>'s Coblentz Prize, the Association of Indians 
in Americas Honor Award, the Inbtitute of Electrical and Electronic Engineers' 
Liinn^ie Medal, the National Academy of Engineering s Zworykin Award, Texas In- 
Mrumtnt-s Foundations Founder's. I'rize, and the Optical Society of America's 
Townes Medal. 

Dr. I'atel ib a mom be r of the National Academy of Sciences and the National 
Academ> of Engineering He is a fellow of the Institute of Electrical and Electronics 
Engineers, the American Ph>sical Society, the Optical Society of America, the 
American Ac<ideiu> of Arti> and Sciences, and the Association for Advancement of 
Arts and Sciences. lie is a foreign fellow of the Indian National Science Academy, 
and he is an honorary member bf the Gynecologic Laser Slirgery Society He is a 
member of the Board of Trustees of the Aerospace Corporation. 

In VM Dr I^Uel joined Bell Laboratories, where he began his research on gas 
laberb. Thi> work broadened to include nonlinear optics, molecular spectroscopy, and 
pollution detev,tion lUi became head of the Infrared Physics and Electronics Depart 
ment m 11M>T. Director of the Electronics Research Laboratory in 1070, and Director 
of thi- I'hvbical Research Uiboratory in 107G. In 1981 he assumed his present posi- 
tion, m whuh he continues to pursue a vigorous program of personal research. 

Dr. Patel received the B.E, degree in Telecommunications from the College of En- 
gineering in I'oona, India. He received the M.S. and Ph.D degrees in Electrical En- 
guieenng H-om Stanford University in ID.")*) and 1901, respectively. 

STATKMKNT OF DR. C. KUMAR PATEL. EXECUTIVE DIRECTOR 
OF RESEARCH-PHYSICS. HELL TELEPHONE LABORATORIES. 

MURRAY mm NJ. 

Dr. Patel. Thank you very much, Congressman Shamansky, 
members of the committees. 

I am pleased to have this opportunity to comment on the process 
of setting priorities for scientific research at Bell Laboratories and 
the extent to which that process may be applicable at the Federal 
level: 

I should remind you that Bell Laboratories is an R&D organiza- 
tion» part of AT&T, and the part that I am going to comment 
about, namely the scientific research, is a small fraction of the 
total R&D effort It is approximately 8 percent. 

At a time when our Nation is seeking to exercise fiscal restraint 
to facilitate economic recovery, and at a time when our Nation 
needs to apply its worldwide leadership in science and technology 
to assure future economic growth, the committees' attention to set- 
ting priorities for science is especially important and very welcome. 

I hope that my comments on Bell Laboratories' approach to the 
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subject of priorities in science is helpful to you. In my written 
statement I have included examples of Bell Labs' unparalleled 
record of accomplishments in basic scientific research which has re- 
sulted from our approach to scientific priori ty^sietting. 

I will not detail these to you right now, unless you have specific 
questions on them. I will, however, point out that over the years 
we have developed an effective process for setting research prior- 
ities, which Has played a major role in our success. 

The principal features, which facilitate this process include three 
very important factors, which I would like to call the three F s. 

The first of the Fs is funding, sustained funding, to be more pre- 
cise. The second "F is focus, or the organization as a whole. The 
third F is freedom for the individual scientist. 

Sustained funding, which is the first F, is important because sci- 
entific research is a long-term and inherently risky endeavor. We 
at Bell Laboratorieb are sustained by our owners, AT&T and West- 
ern .Electric, and by our partners, the Bell operating companies 
and the Long Lines. 

The Bell System has long realized that steady funding protected 
from upswings and downturns of the economy is essential to the 
success of long-teriTi research programs. That sustained funding is 
important can be easily concluded Trom considering the time that 
elapses between the inception of the research effort and the discov- 
eries and inventions that flow out from them and subsequent im- 
' plen.entation at a laboratory level. 

The overall focus of our work is provided by our mission, given to 
us by our owners, that mission is to support the business of AT&T 
and Western Electric, the business being the information business. 

Our owners choose certain technologies based on such criteria as 
the economic potential, marketability, demand for services, manu- 
facturing considerations and so on, but— and this is the very impor- 
tant part— they delegate to Bell Laboratories responsibility for de- 
termining research priorities. 

Within Dell Lcw^ management* allocates scientific resources in 
response to opportunities identified by our scientists. Management 
albo considers the degree of scientific challenge, the expected time 
between inception and payoff, relevance to technologies of interest 
to the company, and cost effectiveness. 

The principle is that the individual scientist and the managers 
make those decisions that they are best qualified to make. Thus, at 
Bell Labs there is an all-important separation between the sources 
of funding and those who provide focus for the research, a rather 
unique situation almost anywhere in the whole world. 

This separation works because of three important factors: One, 
outstanding managers who unde^-stand research and who under- 
stand the course of science, seen from the past, present and toward 
the future, an effective mechanism for evaluating research, an on- 
going process, and the immersion of our research effort in a viable 
research and development structure of Bell Laboratories which is 
driven by real world needs. 

In research, I would like to remind you that research results, as 
well as the process of arriving at them, are both important. For 
that reabon, an effective mechanism for evaluating research in *an 
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ongoing fashion is extremely important in setting priorities. 

Freedom for individual scientists, the third F, is important be- 
cause in the final analysis it is the individuals who make discover- 
ies and inventions. This freedom at Bell Laboratories is provided 
within an arena of awareness of our overall mission, which I men- 
tioned just a few moments ago. . . . - 

The individual scientists set and evaluate specific priorities for 
the research. This is so because we at Bell Laboratories strongly 
believe that the futurd cannot be predicted from the present. 

If specific priorities were left to managers with development re- 
bponsibilities for exploiting technology, it is likely that research, al- 
though contributmg incrementally to existing technologies, would 
not lead to disco\ery of radically new principles, new processes or 
new devices. 

It is that aspect— namely, accumulation of new knowledge, dis- 
covery of radicall> new principles and processes— that Bell .Labora- 
tories' research effort is all about. 

The same freedom for scientists, that allows them to evaluate 
and set priorities, simultaneously provides an important focus 
through the free flow of information and people between our re- 
search and development areas, and through the contact of our re- 
searchers with the operating parts of our companies. 

These are not only formal linkages. These are day-to-day link- 
ages between people working in different parts of our enterprise: 
research, development, manufacturing and service. 

In m> prepared statement I have offered a couple of examples of 
hosv focus Slid fr'iedom have contributed to breakthrough discover- 
ies and inventions. These. examples are, first, the UNIX computer 
operating system, and the second one, the carbon dioxide laser. 
These demonstrate that the combination of funding, freedom and 
focub is a synergistic combination and that each one of them bene- 
fits from the others. 

Finall>, the all-important question: Can what has worked at Bell 
Labs be projected at the Federal level? Members of this committee 
bhuuld -recogni/e that a research effort succeeds best when excel- 
lence is a primary criterion for priority setting. 

It is because, as I mentioned earlier, the new knowledge, new dis- 
co\eries. new processes are created are made possible by individ- 
uals themselves. Priorities are best set by scientists who are held 
accountable for their decisions. A very important part of science is 
in fact this accountability. 

The legislative process of consultation, compromise and consen- 
bUb nria>' work for development of technology, as the Japanese have 
demonstrated, but when the goal is new scientific knowledge, 
which is what I am addressing right now, we must rely Upon the 
expertise of the scientists themselves. 

So, the Federal policies then should be limited to setting objec- 
tives within broad fields, such as connputer science, such as genetic 
engineering, solid-stpte physics, and so on. 

F]ut these reservations aside, I believe that the principles under- 
lying Bell Labs* priority setting process are applicable at the Feder- 
al level. To summarize, these principles are: 
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Firs)t, that the bc\st scientific research, being a long-term endeav- 
or, requires sustained funding; 

Second, that the' overall goals of the research effort must be un- 
derstood and accepted by both researchers, managers and those 
who provide the funding; * \ 

Third, that the individuals involved in priority setting make 
those decisions that they are best qualified to make; 

Fourth, that no matter how large an^organization or how coordi- 
nated and well-managed the research effort, new knowledge is cre- 
ated by individual scientists; and ' 

Finally, most important of all, discoveries and inventions cannot 
be legislated. 

Thank you, gentlemen, I will be happy to answer your questions. 
(The prepa»*f^d statement of Dr. Patel follows:] 
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STATEMENT OF 

C. KUMAR N. PATEL ^ 

My name Is Kumar Patel. I am Executlvt Director of 
Research, Physics Division at Bell Telephone Laboratories Inc., 
Murray Hill, New Jersey.' ^ 

1 am pleased t o_hive this opportunity to comment on the 
process off, setting priorities for sclent I flc 'research at Bell 
Laboratories, and the extent to which that process may be 
applicable at the Federal level. 

Bell Laboratories' unparalleled record of accomplishment 
In basic scientific research is, I believe, already well known 
to the Committee. It Includes the invention of the transistor 
and numerous contributions to solid-state electronics, the 
conception of the Aaser and many related discoveries, - 
fundanent&l work on polymer plastics Including the 
stablllzition of poly.ethy lene, the Invention of permanent 
magnet alloys, the first electrical dlglti^l computer and 
fundamental contributions to dii.Ual tran3mlsslcn*tand 
switching, pioneering work in l^fformatlon theory, statistical 
quality control, microwave and radar technology, communications 
satellite technology, and raany other achievements. Seven Bell 
Laboratories scientists have received Nobel Prizes. 

^ An effective* process for setting research priorities has 
played a major rolo In our success. This process assures that 
our scientific research effort serves our broad mission: to 
provide the research and 'development the Bell System needs to 
offer high-quality telecommunications and Information services 
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at r««aonabl© and conpttltlv© co«t. The priori ty-aotting - 
process Itself results from the complex interplay among throe 
Important factors: which I would like to call the "three F's": 
sustained funding ^ f ocu s and freedom * 

Scientific research Is a long-terra* Inherently '^^s'^y- 
endeavor that requires long-torn consistent* non-fluctuating 
financial support. We at*Bell Laboratories arb sustained by 
our owners* ATST and western Electric, and by our partners, the 
Bell Operating Conpanies. Their Invostment In research* 
developnont and onglneoring Is substantial; this year It will 
total S2,02 billion, of which S156 million Is allocated for 
research. The record shows that this Investment consistently 
has yielded a handsorre return. In fact, the Boll System has 
long realized that steady funding , protected from "upswings* 
and "downturns'* In the economy. Is essential to the success of 
long-tern research programs where risk Is great, but potential 
payoff nay be far greater. 

The second "F." the overall focus for our work. Is 
provided by the mission given to Bell Laboratories by our 
owner!.. AT<,T and :vostorn Electric' Thoy dl 'ect Be^l Labs 
technology effort to support what they perceive ^to bo their 
business: the broadly defined "Information business." From a 
wide 'variety of avallaole technologies they choose to Implement 
certain technologies by applying such criteria as economic 
potential, marketability, demand for services, manufacturing 
considerations, long-term potential, and so on. However, the 
respops^^l llty for determining research priorities Is- "aelogated 
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to Bell Laboratories. This process of priority-setting at the 
highest level defines. In broad terms, the areas of science and 
engineering likely to be of commercial value, and guides our 
rtsaarch effort toward broad overall goals. 

Within Bell Labotfatorles , ^ research management allocates 

scientific resources in response to opportunities Identified by 

-1 ♦ 
scientists requesting resources and the overall priorities of 

the organi:at^n. Management provides what It considers an 

appropriate proportion of the available space, equipment, 

r 

personnel, and other resources. Management also considers the 
proposed research, the expected time between Its Inception and 
its eventual payoff, relevance to the specific technologies of 
Interest to the company» and cost-effectiveness. These broad 
priorities are reviewed by those managers In the research area 
with overall responsibility for the various aspects of tno 
research effort. Flnallyr the scientists performing the 
research decide how best to use the resources. 

The principle behind this scheme of ^shared priority- 
setting Is that Individual scientists and managers at various 
levels of the institution make those decisions they are best 
qualified to nake. The process recognizes that science and 
technology are closely Intertwined; that research drives 
technology toward new products and services; and that in 
research the prgcess of arriving at results Is often just as 
valuable as the results themselves. The process of arriving at 
results is especially Important when results are unanticipated 
or the studios produce negative results. Even when studies are 
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unsuccessful, the documentation of th* process allows us to 
evaluate what is not possible and why* Unexpected results also 
have tremendous Impact on broad scientific and technological 
fronts far beyond the initial goals.^ 

One of the unique features responsible for the success of 
basic research at Boll Laboratories is the separation between 
the sourws of funding and those who provide focus for 
research. This separa»tlon exists almost nowhere else in the 
world* whether funding *ls provided by government or industry* 
except in a few foundations which grant funds to individual 
' scientists who then determine the focus of their own work. 
There are three reasons the separation works at Bell 
Laboratories: outstanding research nanagers* an effective 
mechanlSRi for e^y^aluating research, and the immersion of our 
research effort in i wider research and development structure 
driven by real-world needs. 

Those who manage the research effort at Bell Laboratories 
not only have been outstanding scientists themselves, but often 
continue their research even m their management positions. 
Thus they are si»Tu Itaneously both managers and "hands-on** 
scientists, and as such they are well equipped to make 
decisions regarding both long- and short-term priority setting. 
Further, rather than the usual method of evaluating research 
proje-^s upon completion, managers at Bell Laboratories 
evaluate projects continuously from their inception. This 
allows them to ino-ture," or alter the direction of a 
project* on the bails of interim findings. Finally, the 

1 
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iffuntrslon of our retoarch «nterpri9« within a larger research 
and development structure Keeps managers keenly aware of Bell 
Laboratori«& 6verall technical mission. Managers recognize 
that within th«t ov«rall mission the research enterprise plays 
an important role In maintaining contact with outside 
researchers— both In academla and In Industry— and In keeping 
in touch with the Boll System*s< technology needs. Thus our 
research effort is .focused to create new knowledge, to keep 
Bell Laboratories m close contact with advanced science* to 
explore applications of now science to telecommunications and 
information technology, and to build links with our customers* 
Our colltaguesi and the scientlClc community. 

The core of our research effort js a group of about 800 
scientists whose broad goal is the creation of fundamental 
knowledl<j<j to support the future te<}hnology needs "of the 
mfortviatlon age, including the discovery of new principles* the 
invention of processes and materials* and the exploration of 
connections that nay not be obvious between the new principles, 
processes and materials. Managers at Boll Laboratories realize 
t?:at it IS these individuals who discover now Knowledge* that ^ 
t?>e best science results from bringing together the best minds, 
and that the best people prefer to have minds even better and 
wore creative tha'>* t?<eir own around t^em.' Therefore we have 
created and continue to nurture a special climate in which 
excellence and freedom of thought * the third •F,* are the 
donlnant va lues. 

Intellectual freedom combined with Scientific challenge • 
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h«lps B«ll LaboratorUt attract th« mott Intelligent and 
creative scientists and engineers. Another major factor In 
attracting talented researchers <o Bell Laboratories Is the 
opportunity to Interact, on a dally basis, not only with other 
researchers but also with development ar\d system engineers and 
with end-us«rs. 

While overall focus' Is provided by nanagenent. It Is the 
Individual scientists themselves who set and evaluate specific 
priorities for research. Thoso closest to the scientific work 
have the most Inttnate knowledge about that work; what Is 
possible, what is not possible, and why. Therefore, our 
scientists are free from arbitrary limitations on what they can 
or cannot do. In addition, they are largely free from day-to- 
day problem-$olvlng tasks and from short-term pressure to 
produce results. On the o-her h;:nd, they are highly motivated 
to pursue nhc fundamental work that nay Involve sustained 
effort over long periods of time. 

Specific research priorities are set at the local level 
because we at Bell Laboratories strongly believe that the 
future cannot be predicted from an extrapolation of the 
present. If specific priorities were left to managers with 
responsibility for developing and exploiting^ the resulting 
technologies, It Is likely that research, iklchough Improving 
existing technologies, would not lead to the discovery of 
radically new principles, processes, or devices. Defining 
specific problems for nature researcher's Is likely not only to 
be counterproductive, but »lso to damage the creative 
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•nvlrortnent n«c»«isdr/ Cor now discoveries. Creative rolnds neocJ 
t^e freedom to roan within o wide Intellectual space. This 
space is ah arena of awareness of the overall mission of Bell 
Laboratories and the Bell Systtn a pervasive awareness that 
has guided our management style and phllosoohy In research. 

« 

An liaportant focus for our res^/^rch work is provided by a 
free flow of Information and people botwec^n our research area 
and our development and engineering areas. Significant numbers 
of our researc/i scientists move Into our dovolopnent 
organizations, providing a tangible connection between research 
and developnent. In addition, the direction of research Is , 
influenced by the problems and opportunities our researchers 
see through their contact and Involvement with the operating 
entitles of our business. Our sclentiiits benefit from 
successful exploitation of their work in pro\/L^lng solutions to 
the real-world problems of the Bell Operating Companies and 
Long Lines* our enbedded' businesses. 

Let ne cite a couple of I Ilustrat I vo* exantplcs to show how 
the conblnation of focus and freedom has contributed to 
t>reak,thfo>]gh discoveries and inventions. The best known 
example Is th* 4''»»A«tion of the transistor in 1947 — the invention 
that creator today's solid state electronics Industry* with 
worldwide sales estinated jt SIO billion' annually . Since you 
have already heard the transistor story many times, i will 
resist th<j temptation to tell It again. Instead I will take as 
ny flrnt example the development of the UNIX computer operating 
systen. 
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As the prlc« and performance of large-scale integrated 
circuits have improved spectacularly over the past 20 years, 
conputers and their associated software have grown more and 
more complex. In the early 1970s two Bell Laboratories 
scientists helped reverse this trend by developing a powerful 
computer operating systen (the set of "housekeeping" programs 
that organize and schedule a computer's activities) that 
enpfiasizes slnplicit/ and user convenience. Recognising that 
•nan/ of the human-engineering advances In large-scale operating 
systens could be provided more efficiently on smaller 
"nin iconputers , " the scientists devfiloped the first version of 
the UNIX systen on a Uttle-used minicomputer at Bell 
Labortitorlf»s. The system is composed of small, readily 
understandable pieces that can be put together almost like 
"tinker toys." It has the additional advantage of 
■portftbl 1 Ity" — tho ability to be used on different types of 
computers. The system was first used for word-processing in 
our Patent Department, and later achieved a very brond range 
of capabilities, Including software development, support of 
test and develop-nent systems, and administration of large 
databases such as those used for telephone company operations 
and record-keeping. Because of its ease of use, tho UNIX 
system is now being used at more than 2,000 sites and is 
supported by over 100 commercial suppliers. It is being used 
on d variety of machines, from IBM* DEC, UNIVAC, Amdahl, and 
Interdata to western Electric's 3B-20 and to tho 8ellmac-32A 
sin<Jlo-chlp microprocessor. The Important point about this 
development Is that while management stated the objectives and 
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provided txpor i«»-nc« > r«nources> and encourag«ndn t , It did not 
set detalledi priorities. The UNIX system was the result of a 
free flow of ideas and information throughout BelU 
Laboratories. 

Another example of the value of allowing those closest to 

the actual work to set sp»>cUic priorities within a broad focus 

cones from tiy own personal experience. Following the Invention 

of th<^ laser at Bell Laboratories in the early I960's, It was 

difficult to predict exactly which types of lasers ultimately 

would become useful commercial ly> To some, however, It seemed 

that solid-state lasers wore the best prospect for high-power 

industrial applications such as cutting and drilling. There ' 

<»ppe*red to bo sound theoretical grounds for this view, and 

crv 5 l-Jra^ed solid-state lasers already had been demonstrated 

at higher pow»>r levels than the competing gas lasers. So it 

was very tempt in<3 for management to drop ^ill work on gas 

lasers* and put those resources into de;elopnent of known high- 

powffr lasers. Fortunately* such a decision was not made» and I 

w«ss fre"4 for several years to pursue my work on gas lasers. 

This wori eventually led to the carbon dioxide laser* Today » 
/ 

the -jas laser w^lch I Invented is the only type useful In high- 
power applications. It is currently used In Industry for 
cutting, welding and drillmgi and In medicine it Is used In a 
wide variety of surgical procedures as a replacement for 
conventional scalpels* Its current sales* not Including 
'1»*fense applications, are about SlOO million annually, 

Witn these examples* I have tried to show that the 
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combination of sustained funding' freedom is a 

synergistic combination; that each benefits from the others. 
W« at Bell Laboratories have beert fortunate to have all three 
operating in the same place at the same time. 

Ovpr the years ATtT's investnent in Bell Labs research has 
paid off handsomely. In addition to the discoveries mentioned 
earlier. Bell Labs produces an a^'erage of more than one patent 
every working day, and now holds a total ot. almost 20,000 
patents, including many of the most fundamental patents in the 
physical and computer sciences. Through our long-standing and 
continuing policy of patent licensing and open publication of 
scientific results, the same knowledge base that has produced 
so many patents also has brought considerable and wide-ranging 
benefits to our nation as a whole. 

Thus the priority-setting process I have described has worked 
well for Bell Laboratories, although we have no proof that it is 
ideal. But just as we believe that research is an ongoing process., 
so the priority-setting is an' ongoing process. *We constantly seek 
to improve the s/stem, keeping in mind c-jr overall goals while 
modifying the system to improve the efficiency and cost-effectiveness 
of the research enterprise. 

I shall now address the issue of applying' what has worked 
at Bell Labor^atories to Federal science priorities. It is 
important for the members of this Committee to rt^ jJtmzc that 
scientific research succeeds best when excellence— the merits of the 
acienco and the scientists themselves--is the primary criterion for 
priority-setting. This requires taat scientific priorities be 
set by scientists wh»- are hold accountable for their decisions. The 
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setting of scientific priorities by those who either *do not 
sufficiently understand the process of research or are not 
accountable to the scientific community rarely successful and 
IS often counter -productive. For example, attempts by governmehts 
to legislate a timetable for scientific and technological progress 
havei almost always failed. Scientific discoveries cannot be 
legislated. Management of scientific research requires a deep 
knowledge of scier.ce. It must proceed by ob3ective, not by directive. 

A distinction should be drawn between scientific and 
technological progress. In devolopnent of technology based on 
tnown science, it may be appropriate to set goals through a 
legislative process of consultation, compromiser ;snd consensus* 
Tho J<ip/j'>^5»? hdv» dfltmonstrated this through their various 
multi-year pl^ns. But when the goal Is Ji^aslc scientific 
research -- i:h<» liscovery of new knowledge--budget-makers must 
rely the expertise of scientists to set priorities 
.effectively. Federal policies should be^limlted to setting 
objectives within broa^ fields of scientific endeavor, such as 
solid-«;ta^o physics or ^inetic engineering. Beyond the 
provision of such broad focu^, the scientists and scientific 
•nana^ors should take over. in addition, the consensus aspect 
of F'^deral decis lon-nak ing» with its multiplicity of 
constituencies, is likely to lead to a wide dispersion of 
scientls^s and scl'entific facilities. This works agaln^ the 
principle that outstanding scientists attract other outstanding 
scl^'ntists, creating a synergy that produces the bos t' sci enco . 

Setting aside ose reservations, I believe that many of 
the f und^-nnental principles underlying the priority setting 
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process for r«>«j«flrch at Bftll Laboratories are applicable to the 
Federal support of science. Among these principles are: 

that the best scientific research requires sustained 

funding* ' 

that overall goals of research enterprise have to be well 

understood and be accepted by researchers as well as 
.managers « 

that the individuals involved in priority-setting make those 

decisions they are best qualified to make, 

and that no matter how large an organization or a research 

effort, new knowledge Is created by individual scientists. 

Above allf we need to recognize that new knowledge and new 
technology cannot be created by legislation or fiat, and that 
no a-T^ount of planning or priority-setting can replace human 
curiosity, inq^enuity* and creativity, 

Mf. Shamansky. Thank you, very much, Dr. Patel. 

Would Dr. Paul be kind enough to return to the witness table so 
we can ask you as a panel, if I may exercise the Chair's preroga- 
tive. .1 . 

It seems to me that I underlined in Dr. Paul s testimony on page 
o-you were commenting, Dr. Paul— that because of the increase in 
regulatory activity, a lot of the research was done toward that kind 
of a thing. ' . • i . 

Now you are saying, "An increasing share is now aimed at new 
product"' and process development and at productivity improve- 
ments. These trends and supportive government policies can 
become major contributors to economic recovery," r i • 

Apropos that I can't forget an article that appeared— I think it 
wuh the lead article in the Sunday Times Magazine of a few weeks 
a«o— about robots, I think, showing that General Motors is now 
having a contract with a Japanese company which developed the 
robots that GM developed in the first place and didn't pay atten- 
tion to and now i?; coming back to work with them. 

Mv question is. do you [lave any, views, having worked with as 
inan'v companies tis you do, because you work with them on a con- 
tract basis, if vuu have an opinion, hov. did our American compa- 
nies^ get into this attitude in the first place of not utilizing the 
things developed, sav. at Bell or that GM itself developed in the 



erJc 



first placo <iiitl .M<ml nut in the business of robotics, we are in 

the business uf making cars and then walked away from it? 

Dr. Paul I won't presume to speak for Bell Laboratories Our 
colleague can speak to that. 

* I think we are seeing a shift in industry, brought about' by great 
concern fur the tost of production and productivity. We are also 
doing Mmie things for the Government, For example, we are work- 
ing fur the Air Force m developing highl> automated manufactur- 
ing facilities for reworking turbine blades for jet engines, where . 
there is a great upportunit> now for us to have a synergism be- 
tween what we are duing fur the Go\ernment, the development and 
know'how there, and the transfer into the industrial sector. 

Your question uf how we got iiito that situation has involved in it 
perhaps <i complatenc>, perhaps a lack of sufficient competitive 
spirit at one point in our industrial attitude, perhaps the behef 
that we could perhaps bull our way through things without utiliz- 
ing the more sophisticated technolog>. and other countries jumped 

ahead of u> . r i • 

1 think wf have tu catch up now. There are a number of things 
happening that have exhibited an intent to catch up and again 
exceed others. 

Mr, Shaman.sk\ Do >ou have the feeling that there is a, changed 
attitude i>n the p<irt of the people who come to you f(3r work to be. 
(lone by \ou'^ . 

Dr Pali.. Yes We t|uite clearl> see that in industrial sponsor- 
>hi\} ol work. <i \ei\ marked increased of concern for the productiv- 
itVMjf their whole manufacturing operation, I would say. 
\Mr Sma.mansk\ Dr. Patel. if I may ask you, your whole system, 

a result of the consent decree that has been worked out between 
the Feder<il Go\ernnient and the Department of Justice and your 
p<irent companv. augurs some kind of a change, it seems to me, for 
Hell Laboratories 

Hi-storicallv vou could go along and do the abstract work as re- 
t|Uired because a^ part of the whole Bell Sy.stem. your pha. • was 
there and thev just provided for it and spread the cost around. 

Isn't there a tuiiceni now that Bell Laboratories is going to have 
to be more short-range, more product-oriented as distinguished 
from a ItMiger r<inge and abstract scientific sort of thing, a-pure sci- 
ence approach'* 

Dr Patki. 1 believe that is a valid concern. However, we must 
\i}i>k at the re<Lson whv lung lange basic research at Bell Laborato- 
ries has been .-uppoited. It was not supported out of kindness of the 
heart on the p<irt of our owners. It was supported because AT&T 
h<i.^ been convinced that support of such research would result in 
an eventual payback which will benefit the company. ; 

The p<ist shows tliat the investment AT&T has made in research 
at Bell Laboratories hai> in fcict paid off handsomely. In the new 
environment where AT&T is fr-ee to compete in a br-oader arena, 
iMjth tht^ niaruigenient at AT&T and Bell Labor'atories firmly be- 
itrve that il AT&T is io compete effectively in the new arena, the 
onlv u\i\ leg-up we \ui\v on our competitor's is in fact our basic re- 
search We must u.>e that a> effectively as we can 

The changes th<it 1 <inticipate will not be in terms of there being 
a gi'eatei attention t(Avar-d short-range r'eseai'ch projects, but 
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toward making sure that the research that is being carried out, 
and the results of research at Bell Laboratories, are exploited as 
rapidly and as judiciously as possible.' in order to make the process 
of innovation complete in a shorter period of time. , ^. , ^ 

As you well know, the process of innovation starts at the stage ol 
discovery of new knowledge, goes into inventions, subsequent im- 
plementation, manufacturing leading to improved products at 
lower prices, and better performance. , , . , .„ . . ... 

What I suspect will happen and what I thmk will happen is that 
that process of taking things from research into development, into 
manufacturing, sales and so on, be speeded up. , ,, . , 

Mr Shamansky. That will be speeded up, but you don t feel that 
the lead time; the luxury, shall we say, that you have had hereto- 
fore of doing the abstract, the basic research, you think you will 

still have that luxury? - i .u ^ „f tu^ 

Dr Patel. Yes. For the present we have only the words ot the 
management at AT&T to assure us that basic research will contin- 
ue to nourish at Bell Labs. However, it is also clear that the suc- 
cess AT&T has had in the area of communications, being able to 
stay ahead, being able to innovate as fast as we have been able to, 
relies upon the fact that we have our own in-house research ability 
to find new principles and new processes leading to new devices, 
new systems, and new services. orr„„f 
I am quite confident that the new consent decree will not affect 
the amount of research we do. What it will do is inject a new 
awareness that the job of Bell Laboratories, especially the research 
area, does not end by publishing a paper, but goes beyond. We have 
to make sure that appropriate parts of company are aware ot what 
has happened and appropriate parts of the company pick up those 
results to make new devices, systems, and services possible 

Mr Shamansky, If you would permit me to observe that that 
may well make change, what is going to happen-I am not hoping 
that it does, but I think there is a danger that the awareness would 
not come on the part of those who are supposed to pick it up after 
you are done but may be on the part of your own scientists, to 
make them more immediately product-oriented. 

That is a danger inherent. I am not asking you for a final 
answer. It just seems to me that that is iniplicit in the situation. 

Dr Patfi, If you don't mind, let me make a comment on that. 
The key point is that there has been a separation and there is a 
separation between the sources of funding and those who provide 
the focus for our basic research. This is the key feature that will 
assure us that we do not get sucked in. so to say, into doing those 
things which bring us immediate rewards, because it is the respon- 
sibility of the managers of science to make sure that AT&T will be 
a viable institution because of its technological ability to compete 
effectively, not only today, not only tomorrow, but also 10 and M 
vears from now 
Mr SiiAMANSKV Thank you. Dr. Patel . 
The chairman l^ back now I will relinquish the Chair to Con- 
gressman Gore. ^ X. ^J ■ •) 
Mr. GoKE The gentleman from New Mexico,' 
Mr. Skben Thank you^ Mr, Chairman 
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I would liki' to ask I)r f\uil, there is a very interesting state- 
ment in the titinscupt thtit you spoke of that gave me pause for 
thought, on the top of page 3, that >ou have a responsibility and 
then further on down that one of the responsibilities of the scien- 
tist is to courageousl> shut down undertakings when they have out- 
l^ved'the'lr scientific usefulness. 

As an observer of what goes on in a lot of laboratories, science is 
one thing and politics is another, if we can get them together- 
Man^ times it seems to me that scientific efforts take on a politics 
of their own. 

We spent an awful lot of time and we spent an awful lot of 
nione> throughout the >edrs in pursuing scientific pursuit that we 
shuuld have had the courage to shut down at one point or another 
but because the> have a political constituency they seem to live on 
and on. 

. Coupled with this statement, over on the other page, is the level 
uf general knowledge the general public has because anything that 
happens to the scientific world is reported through the media and 
it goes through a political process as well. ^ 

Ls thus a large problem, the ability to--I would think it would be 
k ss of a problem in a private laborator> than it is in one' of the 
ntitiunal^labs. Could you comment on that kind of comparison and 
how large the problem is? ' 

Dr Pai l I think in any laboratory courage is required on the 
part of management to shut down any project that is not going 
^vell becau.se generally it is as.sociated with good people. These 
people have a lot of theii career invested in the enterprise and a 
lot of emotion involved. Sometimes thn judyfments are very difficult 
to make. 

It is not quite clear that success isn't going to come next week, 
because in doing research and some of the earlier .development 
^work. bv definition that is the exploration of the unknown. 

The. people concerned usually are optimistic. They say, just one 
more experiment and it is going to work. But you reach a point 
^ ^here there has to be an intervention by parties who are not that 
closely involved with it in making some judgment. 

.Reall>. I thmk courage is the.right word, taking the action to say 
well, that ii3 enough, we have to put our Resources somewhere else. 

What was the thru.s't of the second part of your question, may I 
ask. again? 

Mr. Skkkn. How large a problem it is as far as the resources 
available to >uu from the Federal Government; for instance, its in- 
volvement ^and hy the way, I am a little disappointed. I see the 
National Science Foundation now is not making the distinction it 
wa^ at one umc between basic and applied research because it was 
sort of hard to draw the Ime. * 

I guess maybe the> are like we are. We don*t like to make politi- 
L.il decisions, either The Science Foundation has had the same 
pi oblem Just how large a problem is this? 

l)i !*Ai I. Part al vour (juestion I think concerned the under- 
.^ttuuling nf the general public about .science and technology, vvheth- 
v\ thtit i^. a difficultv I reall> believe it is because there are a lot of 
apprelu nMiiH."^ about science th«it <ire just completely unfounded on 
fact 
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We see .that vorv wvtTely in our responsibility for the Govern- 
ment for the Office of Nuclear Waste Isolation; that is where are 
we going to put this waste, wherever, underground. I think with 
verv- very few exceptions the scientific and technical community 
believes those problems are.eilher solved or are very solvable 
" There are great social problems, economic problems, and political 
i)rol)lems in coming to a resolution on that proBlem. I think f^or us 
as an institution, this is a case where we are learning artd we are 
contributing in a very new way to how do you work these various 
forces together, the technical and the economic and the social and 
the political.- and get an understanding that is based ot\ some kind 
of verifiable facts rather than just myths and apprehensions. 

So it IS a real pi-oblem, and I think part of it rests on the general 
scientific education of our population as compared to maybe the 
Japanese and some of the European countries. ' rr,- 

'Mr Skken Ls the news media in thfe United States an effective 
method of disseminating knowledge? Do they have the time, do ^ 
they-take the time. In your opinion? . • f j 

I)r Paui. I think some do a very good job; others certainly don t. 
I think others, latch on to advocacy positions rather than the sci- 

* "wr. Skkkn. Thank you very much. Doctor. 

Thank vou. Mr. Chairman. '■ 

Mr. Gore. Thank you. . u r *u« 

The gentleman from Pennsylvania. th.e raaking member of the 
Investigations Subcommittee, Mr. Walker.- 

Mr. Wai.kkk. Thank you, Mr. Chairman. 

Dr Patel vou stated that research management allocates re- 
sources in response to opportunities identified by the scientists so 
that your priontie.s are targeted from the bottom up, so to speak, 
rather than from specific directions from your upper management. 
Dr P,vrKi.. That is correct. • „k„ f 

Mr Wai-KKK In light of thdl. I wonder what your feeling is about 
the habit of Congress to mandate particular kinds of research, 
. sometimes based upon exactly what Dr. Paul was talking about of 
myth and advocacy. 
How does that affect research? . . .u . *u 

Dr P,\TKi.. The first thing we have to recognize is that the oppor- 
tunities that .scientists identify at Bell Laboratories and the ones 
which are evaluated, happen to be in a broad range of fields which 

are of-interest to us r r ^ u „i 

That IS where we. do have focus. Focus comes from the fact tliat 
we generally must assure oureelves that the technology of 10 or ^0 
vears from now will have the right kind of scientific base and sci- 
entifu- underpinning. Areas such as semiconductor physics, solid- 
state physics, computer physics, chemistry, and sO on, are the kinds 
of areas in which we are broadly involved. 

It the Federal funding mechanisms in fact direct moneys toward 
research in a broad range of areas rather than fay/K p^discover 
m(> a i.eu principle of icvitation. for example. I think that kind of 
pr.ontv .setting is likelv to work. But what is needed si multan eo.us- 
iy. IS a mechanism for online, ongoing evaluation of what is going 
on 
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Onv point I in.idc wiLs that in research, the process of arriving at 
resultb ib jiKst iiiiporttint as the final results, and sometimes even 
more so, because ver> often when >ou start a*research project, you 
don*t know what you are going to find. You have rough ideas of 
where you want to go, but >ou don*t know what specifically jou are 
goin^ to find You don*t even know if you are going to find some- 
thing. ■ 

that case, it ib very important that the process of research be 
ver> wt'll documented bo that we know, when everything is said 
and done, what not to do next time around. This is a very impor- 
tant part of evaluating the bottombup priorit> identification proc- 
es.s that goes on, something that is Ubuall> difficult unless there is 
a mechanism wherebv you have identified a given area, of focus 
which you want to influence. 

Mr Walkkk Do you generally ^find that where congressional 
mandates derive research, that what v^e are mandating would be 
what the laboratories choose to do anyway? 

Dr Patki. That is a difficult question to answer. However, I 
think one mui^t distinguish between research and development. I 
inspect in the research area the way the National Science Founda- 
titjfi. ff)r t'\aniple» has supported basic research is quite reasonable 
because there the funtjiiig is given to a specific area to further sci- 
ence, to tcather new knowledge in that area, rather than doing a 
specific thing 

The moment vou put down bounds as to what you want back 
from the research with an> kind of specificity, it is no longer re- 
^earLh» it is development. You are asking questions not as to if it is 
possible You have alreadv predetermined >es, it is possible, go find 
me that. 

^ Mr Wai.kkk Do vou see that &s a problem in the way in which 
(\inKres.s m<indate.s funding at the present time, that we do gener- 
allv tend to sav this is what we want, now go find a way to get ^ 
ther<»** 

Dr I\\TKi. r believe it is a problem because it puts rather differ- 
ent kin{\> of pressures on individuals. Very often in research we 
find that unexpected results turn out to be more important , than 
what you initially set out to find, anyway. 

There is no mechanism generally to take advantage of these un- 
expi'tted results at the Federal level because there is no strong cou- 
pling httvvt»en the lesearch and its further utilization to complete 
the cham of innovation. / c 

If the second part existed, then of course unexpected results will 
ver> quicklv get utilized and we will have the kind of synergy that 
we have seen at Bell Laboratories, where research, development, 
ami fiiariufaaiuing aie clusel> liiiked together to provide feedback, 
whu h IS a verv important part of any industrial enterprise. 

Mr Wai.kkk. The other side of it from our perspective, and of 
course this is one of the difficult political issues, is how dp we re- 
ceive some assurance that when we are putting money into re- 
M'auh whe'ie we don't have some specificity, that in fact we are 
getting sonit^thing for our rnoney'^ 

Hmv aie we provided with the a.ssurance that we are not giving 
niunev to Munobodv who i> performing a lot of research but is basi- 
Ciillv mcurnpetent. i> never going to get anvvvhere and never going 
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to not us results thiit arc not ofi'ly useful but are not going to get us 
•the ancillary resulUH, uilhor"^*"' 

Dr Patel. Therein he.s the importance of an ongoing evaluation 
process. Having scientifically trained managers, managers who 
have been outstanding scientists on their own at one time and now 
are managing, i-^ m fact an important part of evaluating our re- 

^'^Mr'^WAi.KKR. That gets back to Dr. Paul's point that we have to 
have somebody with the-courago to slop that kind of research from 
being funded where we find that that is what is happening, 

Dr Patei.. That ib absolutely correct. I think in our environmpnt 
on the whole we turn over a project every 5 years to make sure 
that even when the individual is producing, -we do- not wish that 
individual to fall intoa rat, because-the moment you fall into a rut 
your eyes could be closed toward new things that ought to be hap- 
pening in that given field of enterprise. ^ U M u„ 

Somebody else might pick up the project, but there should be 
continual change, to make sure that there is a constant infusion ot 
new ideas and new people into that particular branch of science. 

Mr Wai.kkh Dr Paul, do you have any comments on the whole 
business of congressional mandates? 

Dr PAtii, Several. 1 will take one of your last ones first, regard- 
ing how do vou make the judgment to shut down something. 

I would like tu cume back to my comments about the importance 
ot the Covernment having scientific competence itself It isn t tlie 
numbers of saeutists and engineers in the Government, it is their 
■qualitv that is important, if the Government is going to disperse 
lunds"lor research and development,' it should .do it out of a real 
ba.s«''ot authoritative knowledge and not have agencies that could 
he Miowed b\ incompetent, performers, your point. 

Mr Waikkr 1 guess one of my concerns, though, is that the 
agencies mav have those i>eople but there is some tendency on the 
part ol Congre.ss aoi to listen to the agencies sometimes. You don t 
nece.ssaril\ have a degree of scientific expertise that sits, for in- 
.t<uice on" these panels, known as the Science and Technology Com- 
mittee, where we make those judgment.s. We have, very few scien- 

''t'^iave\old manv i)e()ple >n speeches that 1 have got some high 
school si-ienee teaciiers and some college science professors who are 
either rolling over m their graves or pulling their hair out tliink- 
ing I am having anvthing at all tu do with the science policy of the 

^'Y.')u\n()vv vou do have peoi)le who a're making judgments vvho 
,n- not aceessiirilv skilled in those areas, and yet we are mandat- 
ing things to sonu' of those highly qualified i)rofe.ssu>nals that we 
have in the agencies i i • 

That where niv concern conies, and that is what 1 am looking 
lor there, i.s to what kind of havoc that wreaks in the science com- 
nulnitv ,is a whole ^ , i , 

Dr Pai i I aurcf if tliere is a problem we ought to find away to 
lix that problem, collectively find a way. 

The second part of-vour (luestion about Congress mandating, 1 
speak oat ot m\ own "exi)erience and observation that when the 
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iiiitiuii luu^ lit III (HRs^'nwul ^ih\\b that require bcientific and techni- 
cal achievement, somehow we respond to them. 

M> own experience hab been primanl> in atomic energy one way 
or another. In the earl> fifties we had a national policy of nuclear 
deterrence. Those of us who were working within the system in 
how to makl* weaponb materiel had a very clear and compelling 
mission to make mure, mure hafel> at lower cost. A lot of good sci- 
ence was stimulated back then. 

In the midfiftieh there was a peacetime atomic energy program. I 
think the bcientific gonmiunit) just iHibponded in a grand manner. 
All kindb of things, came out. The applications in medicine, and in 
agriculture, and industrial testing and gauging, which still exist 
and are largely unseen All the attention now is diverted to the nu- * 
clear powerplants, which were a part of it, too. 

In thi' sixties there wai> thl» space program. Many good things 
came out of that. As Dr Patel said, you can't foresee in advance 
where thuhe thing."? are going to lead. The^" capture the imagination 
cuid people* relate their own ideas to those grand goals. 

in the fiulv ^eventieb I think we had an opportunity, but it kind 
uf fi/vJed. ami that wah the whole energy business, to really make 
tlu> tuutiti\v more independent in energy. Some good things started 
to happen In uur institution we tried to do things, and it just kind 
of went a little flat 

It is very important 1 think that in every period of our society 
there be a few of those giand goals that call on the scientists ^nd 
the engi!iecM> to respond I think there is a lole for Congress in 
that, to conceive and support those kinds of things. 

Mr Wai.kkr I ha\e just been reading recently some people who 
are sug^;esting. some people from the scientific community and 
Mjnie f»um the futurist community, who are suggesting that the 
high fiuntier, the high road is exactly the kind of goal that we 
\m^hi to outline fur the nation because that moves to that kind of ^ 
thinking. Would you tend to agree? 

Dr, Uavl, I certainly would. 

Mr Wakkkr Thank you, Mr. Chairman. 

Mr. (JoKK. Thank you. ^ * 

Let me sav I also agree we ought to be setting .some imaginative 
g^als tu \\t)vk toward I think we missed the boat in abandoning 
some of those goals. 

Yi)U, Dr Paul, ha\e this unique cor|K)ration that doesn't have 
any stockholders. 

br Pai i.s ( oriect 

Mr (}oRK Wow does the absence of stockholders make your pri- 
orUy sibling much easier, or doc^ it? 

\)i Pai I. We sa\ that gives us both the right and the obligation 
tt) be iiulepen U-nt iUkI objective in our contribution ..to science and 
li'thnologN We should not be beholden tu some part> for other 
than seientific and technicc'U reasons. » 

In our own internal [iroeess of selecting what we work on, we 
H'K r N'iU agam tu the idea uf intctnal research and development. 
Tu siiaplifv It, \\v can think of it in our organization as three 
le\el> 1 think il coincides quite clusels with what Dr. Patel de- 
scribed 
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At the snvalU-r working level, in our case the research and devel- 
opment department, that may be 100 to 200 people. The manager 
of that department hat. limited discretionai.y funds at his or her 
disposal. They use those funds generally in a time span of fi i;ew 
months to I or 2 years, loolting out. It is a fairly safe kind of thing 

to explore. . . , ■ . i u- . a 

At the next level of management, which is the laboratory. Jind 
that may be .'lOO to :5.0()0 people, there is discretionary money that 
is controlled by a process that includes the inputs from, below but 
a^lso that higher management judgment. In this system they are 
looking at several years to maybe 1 or '> years out. 

At the institute level, our total corporation, we have about 1 per- 
cent of our total ^-tivities' that we stimulate with discretionary 
money We are trying to lobk at three to ten years out 

You can't really apply strict cost benefit analysis to that for the 
reasons that have been discussed. If this is research and explora- 
tion vou don't know where it is going to go. the payoffs may be 
completely unforeseeable, you are operating at a congiderable 
extent on faith in particular people and faith in the soundness of 
particular ideas. Yog place your investments in them and then you 
try to stay with them long enough to see whether your faith is jus- 

^''rtliink It IS a mistake for any institution to try to take a basic 
research investnuMit toda> and tfe it to some economic payof o or 
1(1 years down the stream. Those things diffuse, disperse, and pay- 
back comes in many different ways. " • . ^ 

,\Ir GoKK Dr, Patel. on the same question, your parent cdrpora- 
tion of course has more stockholders than any other if I am not • 
mistaken. You seem to be attributing your remarkable success in 
part to the fact that there is a clear separation between your ac- 
counting department and your scientific research choices. 

Is that correct? , , , . " "■. ,u„ 

■ Dr I'atki. That is correct at a microlevel. It is not correct at- the 
inacr«)level because in a definite sense we h&ve a mission. I le. re- 
search at Bell Liboratories does have a mission, and that, is to sup- 
port the technology that has been chosen by our pjuent institution 
as being the right" one for products, services, or whatever may be 
the case Thi.s mission provides the broad focus for the Bell Labs 

" Witiiin thi.s area of broad focus, the mission of say for example 
solid-state phvsics. chemistry, computer sciences, the choice^ ot 
which directions to take, what projects to support, where we thiiTk 
there are going to be payoffs, those- kinds of decisions -are left to 
technical management al"Bell Laboratories, 

AsDrM'aul- mentioned, we can justify the correctness of our de- 
cision, onlv manv vears after something has already happened by 
saving something lias worked. I think our record in a sense, speaks 
lor it.M'll The long-term investment Itas paid off, and it has paid oti 

handsonielv . ., -i i i 

•\s long as we continue to h.ive excellent people and good mflnag- 
ers I think we will be able to assure our stockholders and our 
parent organl/.ation that the money that theyt^ut into us will be 
well spent ,ind the knowledge that is gathered from that money 



will cri'tiU* tiiid support the now technology that will be here ten 
years from now. 

Mr. GoRK, Ab both of'>ou nia> know. >our appearance here today 
i^ the last part of a much longer hearing that started earlier. We 
Kid originall> wanted >ou to come then, and I think our sched- 
ule I forget how it developed— but I want to ask you to comment 
on the larger quei>tiont>>that have been addressed by people who 
have different vantage points on this process, the larger question of 
how the countr> belect.s its research and development priorities. 

There is an evident erosion in the public support for the scientif- 
ic resiiitrch enterprise, which I think is unfortunate This adminis- 
tration has baid. at> I noted in m> opening statement, that we can*t 
an> longer afford as a countr> to increase our commitment to re- 
.search and develupment, that there has to be a decline. They go 
further to .sav that that is OK because it won*t hurt the scientific 
enterprise even if we do reduce our support for it. 

I disagree with those two statements very strongly. Do you. Dr. 
Paul? 

I)r Pai 1 certainly disagree with the idea that the fraction of 
uur luitu^iKil resources, GNP, budget, however you want to charac- 
terize It. can decrease without harming our welfare. I think the sci- 
entific u'^earch and technological development is the wellspring 
from which our future comes. 

Mr (JoKK Well, whiit about the notion that it ought to fluctuate 
aicurding to the uiirent economic trends and how much we think 
^ve can tifford in a given budget >ear? Do you think that is a short- 
sighted approach? Do vou think that is a leading question? 

Dr, Pai i. I hear.esiictlv the same question inside Battelle. When 
we are having hard times, .should we tighten up on our long term 
research 

I think i'vervbod> has to .share in the sacrifice, but it should not 
be cut to the point that we reallv cannot recover in a reasonable 
tune The surger> is reallv a few people, it is individuals, and if 
vou cut ihvui off and the> go off and do something else, then they 
are out of touch. the> are not abreast with their counterparts in 
Kussia or (Jermany or Japan* and we will fall behind. 

Mr Shamanskv 1 would like to point out to the chairman and to 
the ptmel that when we talk iibout the Ijniits, that times are tough 
for thr FVdi'itil Government, that is ver> much a matter of choice, 
\\v ^iH«rn to htive billiun.s for subsidizing things like excess produc- 
tion ol milk products. We have billions for tobacco subsidies. I don*t 
want to tread on any toes, Mr. Chairman 

Mr. GouK. You just did, 

Mr SnAMA.NSKY. 1 realize that. But we havi» to be careful when 
t.ilk about whtit we have iind what we don't have available. One 
ol tlu- bii.-^K (lecMslon.^ is mu\ everv person's interest is special to 
hini, .so 1 am not going to knock special interest per se, but we 
>luiuldn't confu.se here the idea thtU tliis Government, this country 
doe^^n't have available funds. 

All wt* art' talking tihout i.s the allocation of the funds and the 
inipoittUice put un theni because we have billions that we iXi^e 
^iin,n> throwing to certain classes of people to maintain them in 
puigitim.s that got established .'lO >ears ago in the depression and 
are simply just rolling along, no changes at alh 



Mr GoHK, l)r Patfl, did you want to comment? 
Dr. Patki.. Yes. I think what we a nation face here m the next 
10 years or so is a real challenge from oUr industrial overseas part- 
ners and comoetitors. Japan and Europe. 11' you want to stay ahead 
m technology! we have got to stay also ahead in R&D that supports 
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In my opinion, there are techniques by which one can speed up 
the process of use of R&D and make it pay off faster than what we 
as a Nation do. We have not fallen behind in science and research 
and development. The place where we are falling behind is in the 
coupling of R&D to industrial innovation. 

That is where the real stress has to be put, to make sure that we 
don't sever that link between research, development and industria 
innovation. What I see happening is that for reasons which are all 
too obvious to lots of people, much of our industrial innovation is 
incremental in nature. There is a real difference between mere- 
^jiiit'tUal improvement in a product and innovation leading to radi- 
^ cally new products. 

It IS the latter one that we are falling behind in because as a 
nation we are not taking advantage of the R&D that we have. It 
requires encouragement of investment in new technologies. 

Mr. GouK. The example of the video tape recorder I think is an 
appropriate one to illustrate your point. That business is being 
dominated by the Japanese. In fact, both here in the United States 
and Europe we are witnessing a huge surplus and dramatic price 
reduction on the first generation machines. 

The technology was really invented here in the United States. 
Yet we dKl not take it to the market first. I think you are right in 
pointing to that link. That is something that Bell Labs has been so 

good at. r . • 

Do you agree with those who say that one of the main reasons 
uhy you have had such success is that you do have sort of a ere- 
ativf'tenhion between product-oriented or process-oriented research 
and ba.sic research, in other words, you have a broad mission but 
that server, the purpose of giving you a gual to aim toward, yet you 
also have the freedom to humor those scientists who want to take a 
tact that looks like it has no relevance to the broad mission at all 
in its earlv stages? . . 

Dr P/MKh. I think that the phrase creative tension is a good one. 
It IS a creativi' tension that us brought abv^ut by a day-to-day inter- 
action, a dav-to-day interaction which leads to respect for the two 
parts of oui^^nterpnse those who create knowledge and those who 
appiv knowledge Often, these are the same people. It is precisely 
thal'dav-lo-dav interaction in terms of free Row of ideas, tree ilovv 
ul inlonnaltoti, and verv importantly, free flow of people back and 
iuWU hetvM'i'U research and development, which facilitates the con- 
version ol ideas into technology 

Mr (JoKK And the better setting of priorities. 

Dr \\\\K\. And leads to better setting of priorities. 

.Mr (ioRK Mavhe we can figuiv out a way to get that kind of cre- 
ative t(MiMi)n v\()rking ibi us m other aspects of the nations re- 
search enterprises . 

Let me thank both of vou for spending the morning with us and 
contributing as well cis vou have done to these hearings I say 
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agiun that >ou «iu' the labt two witnesses in a more lengthy pro- 
ceeding which started before the October break We appreciate 
your appearance here and again thank you. 
With that, the subcommittees will stand .adjourned: 
(Whereupon, at 12:03 p.m. the subcommittees adjourned.] 
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APPENDIX I 

mZ CONCFPT OF SCIENTIFIC CHOICE: A BKIKF 
RHVIEW OF WE LITERATURE 

Bruco L. R. Smith* 

Tlic R/\ND Corporation, Sauta Monica, California 

I 

Problem!, of choice anong different aUocaCtoir. of 
bciontil ic effort ^ ive become a bubject of concern to 
all jiocietie^. Tho developing*, nations face a series of 
urgx'nt dfcibions about what kinds of rosoarcl; etloft 
and educational instituti )n'« to support in order to stim- 
uli tt* a rapid rate of social and economic development. 
Ylw Indu a ri illxrd nations, particularly as they reach 
the stage of "big science/'^ have found that difficult 
choices arise with respect to allocation of resources 
atnon^i ditter'nt br<inthe.> of scientific activity and also 
in dett-mining the extent of society's support for scietKe 
reltitiv** tt) other des i rab le^soc ia 1 activities, T\\v 
sciontifio co^-nuruty can no longer be rogardet! ab an 
autonomous enclave confortably insulated from the larger 
sot i il context. Governments^ have a vital st.ike in the 
proA;rtss of science and technology and, like other 
activities thit imolvo substantial public expenditures, 

*Any vit'W> e\prrssed in this paper are those of the 
a'ill;.)r T\\vy should not be , interpreted as reflecting the 
vicw;> of The RAN'D Corporation or the official opinion or 
policy of any of its governmental or private rese.uch 
spt>t. .tJis. Papers are reproduced by The RA*NI) Corporation 
as .1 o)tJtto-v to meril)rrs of its staff, 
,t H IV e HuJ li'tlinol )gy mist o()erate wixhin some general 

2 

fra"<ew(>rk of public accountability, 

the pressing need t( make discerning use of scientific 
inti to' Mno lv)i;ical resources has given rise to <i series of 
«it Mt» to <h>fini'' f l>t' colu ept of "scientific choice." The 
{"it,*»sf» >>( thi ^ \> i\'*'r is to pH -.ent <i brief review of that 
littrituie .1 vi tv> s,i.:ji;esc soine possible lines for future 

\Win M Weinbe rg's two articles on "Criteria for 
>vi.'ncific rhoice" pr< vi(ie a convenient starting point for 
t}'*' (h ..,ussi m, ^ Although the first to write on the 



178 



'>ub}i'cc, WomlKTV, ''««^ [>r«'svnu'd one of Che most comprehen- 
sive approaches to questions oC scientific choice and his 
orticles h.jve done nuch to give the debate the widespread 
Interest it n>w enjoys. In his first article, Weinberg 
begins by noting that the current era of rapid expansion 
in science budgets is co-ning to an on<i. Support Cor 
science has reached the point where it is politically 
visible and where there will be pressures to rationalize 
and j.istify the pattern of expenditures. Whereas in a 
periv)d of rapid growth choice could be nore easily avoided, 
choice has bi-come essential in a period of critical scrutiny 
of science budgets and growing pressures on available man- 
power resources. "As a practical matter," he concludes, 
"we cannot really evade the problem of scientific choice, 
ir t\u>s* t r»»ii.;t'<! in Science do nc'l n^ke choices, they will be 
,iiU' anvh >w hv the Congressional Appropriations Ccnmitt*;es 
afj<l thv Bu.'.'au of the Budge? t , or corresponding bodies 
in other j', »vrr ni* ent s , 

Huis the p rob Urn bocinnes one of f emulating sone 
.;?oalo of values which :T\ight help establish priorities 
ar^ong scleniitic Ueld^ so that important, choices are 
noi left solely to political bargaining; and maneuver, 
llio wist ditticulL .mti iniportant choicer, he rccoj^ni/es, 
will ol irn mvolw^e incorr^orisurab U s choices among 
distinti iii Kis ot .ictivity "whose only comnun charac* 
t»'ri>ti( Is that Lh> v all 'A- vwe support trorT. tho 
,V»vi«r :T^i t>.t . '* Act)r iin,'Jy, he proposes three bct^^ ot 
criteria to ,i>>ist ch^)l^e on tliese diiticuU questions, 
1h*- orittiKi art" "scienti:ic mi-rit,'* ••technological 
'".tit," nvi " ;a! mi-rit/' "Te< hnt)logical rn^-rit" ih 
• I I l> st J I i<ht t oi ^ 11 (I, 1 1 * • r-rin>; rram ly to a balance 
J., tw. ft> ri '^tMrch costs and piospfttivo returns which 
Soi^it'ty c^>uld hope to rt-alizc frcm investment in various 
1 w it's lb I' "soientiflc nerit" concept l*, more diflicult, 
t, I'll,' t. 1 > pi ITU i}.a M V wi th a fifld'-. "ript'in'ss" nvi 
infjiii>i .'i.ntiti p: ^^-^m' An intt^rest irig teature of 
Weui>'er.;' « "s<u*rititi« rr.er 1 1" c on< ept , howevfi , is tlio 
-.ti/.;. »t ..1 jt nrit re.t . importantly on the extent to 
^f,' u I ti.O.i . .!»f - to its nt ighh.)i in>'. sci«ntifi' 

«hs ipliJ" a . 1 1 I. on Its iratinSK pi i^*'. ":>o<i,»l 
rirrit** a hiv>i,l ,iu<\ i'hisi%e concept whr h totueuvs such 
poli!uil ail va lu c ,uK ratiot^s as n<jt lona 1 ptc.tige, 
h» ilfd. Wi iMn , <ri J ruhtary power. W< inh« rg proceeds 
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to eK«rnnje tho r tfi 1 iv» io,«<uc!i f iflds .usi ng Cho .e 
chrt-e Sfts of criteria. A fun(!<iricnta I asstunptlon is 
tKtt a field shoult! rate highly on rrore than one set 
of criteria to descrvr largf- sea U- public support. In 
hi^ yifw, -oU'cul.ir \^iol>y,y i.itc-> hi.,h in all throe 
rt-.p.»ct;, hii;K-.f-r^y physi< s is p^ihips somewhat o\ er- 
rata (J , ami space Mst-ir^h has little neril by any 
stindard. 

Hi his :>econtJ article, "Criteria for Scientific 
Hiaice II. .TTie TworuUires," VJoinbcrs sets himself 
the broader qu.'stion what criteria cm society use 
in '!<'ci(Jing how mu^ h it (an a Hot ate to science as a 
vholt, rather than to "peting activities such as 
cduvacion, social security, foreign aid and the like? 
pie first stt'p, Weinberg argues, is to reject the notion 
ot "science as a whole" as a misleviding idea. Kor 
budj;t-tary purposes, there should be a clear separation 
betw«*en basic st i .nee and th«it science which is supported 
as a means Co further other ends dtsired by society. In 
this way, much of what is now r- ^'arded as support for 
science could be tnore Sensibly considered as conpeting 
for r«*sources with other activities that night further 
desired social objectives. For example, suppose we 
wished to control the population of India and had certain 
resources at*o\»r (lisposal for that end. A nunber of 
possibilities are open* supporting research of various 
Kinds, buying and distributing contraceptive devices, 
arranj;;ing for some monetary incentive to induce Indian 
women to use birth control, and so on. The various means 
would be evaluated in terns of their likely contribution 
to the goal of population control; If research were 
decided on, it should be reckoned as an overhead cost 
Incurred In the process of achieving population controlv 
UiMs **the scientific work that goes toward solving this 
problem oup.ht to conpcte for money with alternative, 
-non- sclent li i( means of controlling the growth of 
population in India rather than with the study of, say, 
the genetic code . "^ Weinberg wouU^ caution against 
"overselUnv;" the potential contribution of scientific 
research to the *;<)hitlon of practical problems. He 
would also like to see goveriwent agencies continue to 
support a good deal of miss ion- or iepted basic research 
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(it tor n*> otiu r rri.oi. ih.iu to cnhaiico j productivity 
)t Che ipplied resfarch). Bvit tlu- separation for 
b'.{J.;> tary purpose of basic research fronapplit»d rfse«irch 
an { a,. I >ri» ntei basic research would have one over- 
ri t !vrita»; it wouKl (ir<i^tii.a I ly reduce the size 

>f th« .sJiefu. b'j(i,4t'l (.uul heiKf, presiim.ib ly , reduce the 
p., I u "vi.:bUMv"0f rass i ve pub 1 ic support f 

H ^^.^v.'i , thi. still leaves5 the knotty question of 
ritior^l. tan be used to justify large- Scale public 
s.p, 'JL ()t "p..: t " stseiuific rt-search which cannot be 
ti, » t - an. pr.i r u <i I end. First mber*^ exatnines the 
al t»M -.MT. .'.e >: I ..'iUuraNaesthetic j usl i! i ca t ion , which 
lr« 1 i> hi'. t> ^.onsid', r the an'!rn»y between support for 
s }. fill x^ni ♦ n .irtibtic activity. He finds this 
i'A , V5 . I p)t.'iiriany fruitful approach. Pure 

. .'r, . » ! a»-r aUk.' in many wayji and in the value 

tf , , pt . ' ,«j i.ty, and a plausible case might be ni<ide 
tt>j /.I it-*. p'iMi^ . ip,)<)r t for s<ieiu*- since art receives 
a / .t il >: privat.* i'lpport whi<h is unavailable to 
.1. \\ ,1 h.' r. J. t . tills appioa<.h iti favor of the 

' pruti H alterricttive of j ust i f y inj', bas ic science 
\> 1' >«.'r'^'ii ch.iri'e on the societv's entire technical 
r-r;,-,' \u as . e*>c>r^'n t which ^* etns appropriate 
. 1'^ 1 .'.-riiral intiircct sort of way, such 

•4,1 , ' IS *'Kp«tte(l evont'^allv to contribute to 

* \' 1, i; -.Vit.-^ ,is a whole Until and unless 
• V , ir s th.' sophistication to appreciate science 
11 It 3 nvn ri;:ht. W^'inb.Tg rtirains skeptical^ that the 
d<- .'^'^ fv^^ just i i :c it iv)r cm provide a bastS 'for support 
it 1,.-, ; which wt ^^l be in both science's and society's 

> r >r Th is m V.- inb«»r ' 1 approach applied 

IS r.,,ird d as an ovc-rhcad char.^e.on the tasks 
.♦^ ^> > t> f .rtL'r, -^los Lon-rc lat>>-'d ba-ji/ science is 

... ' . i m (Vv' rht' id charge on the mi'/ion- re lated 
i ^ 1 • 1 . T . • , ii.d p'lr*' scu nce can be viewed as a 

, ' r^^' a! or ',oJiil capitil co-.t on ^hc entir<? 

W. J',* ij'pi M>h is notable tor its understanding 

,1 T i 1 1 1 . » r- * '\','iiti -n th.it non-sc lent i f ic 

I 'r.-n. ^u>t le.utir.Uflv ''nf-'r into important 
* . . 's >n society's support for .cK-nce. He was In 
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c^nr'-Hitv to consider SfientLii- it:»-r< tl, < 
pr.»'«iic.' of >c lont ibcs 

tarlx-r. f.>r ^xi'^p!* . Mi F-^li^vi put forth a 

itt:i"'^'> MU-of*?, the mtrbtTs of t\w hi >• . rh, 'oci rc>'jli m 

•ifr .rt t> direct or ^uiJc scnn^v irn the outsido. 

^ *. Ui-Jic iit.Jirs, in p.^Ianyi's vivw, arc best left to 

tU" ,v .v'''t;st > therms.: and to tb<; inforr::al workings 

of tho s^ientxiLL Oi>:-Tunltv. For "arr/ atttmpc at guidir..» 

scicntLf:<r r'"S«'>rch tv^ward a purp* .» other than it? oww 

IS an att<.'~»pt to detUct it frt^ the advanc<.ncnt of 

yt I'-ncc" and an att rpt that is bou:vi to be Suif- 

♦J» f lilt '»jp KXc'itt. "can adv U' on!v by ciiscntia I ly 

onpr» dictabl - 5t ps.... Yoti can kill or rnuti'late thc 

' — s 9 
aoVMncc of i-^ience, you cannot shape Lc." Pol.inyi >cites 

thi' f.iiluxo of '>f_'v. ril British efforts to f,uidc or co- 

or<]\nat< univeroitv scimkij duriiv, the past several decadus 

as Jfti >t or leal .jVKitnci, contir^nin^ hi > thesis. Althoui:;h 

Pol tnvi an J iri!>er7. positions dif'- r r itnur sharply 

in mport mt r.sp..t>, th». tvo are a I ire m ^;encrally 

jchin>; th»' pr. '^K"". with a ^n^w of speciiyiii^ some 

S" r \{ prin.'ipl > or standard of judgment that would 

piyvid i O'^r-prt t'* r , frartwork for considering; qii*stions 

^cLvntili^ ./fiOteo. Thcv'tend to assur.t:, -in othe" wortK , 

tt\ A th'^r." IS i^n-' bi>; prohUn of scientific choico, the 

c'.i/len>>- i.J, t»',n, to de»'ise the ri^ht principles or 

fv>cedurus to serve as a general guide to choice. 

John Maddox's "Chou-e «ind the lent i f ic Connvuutv" 

ti.ih-w, the kteneril .jppro ich ot Polanyi, bv:t hv takes 

^ , , !•» With Pol nvi on severil v points, He does 

not think of scionc*- is inevitably consisting; ot a docen- 

trilized and fra^'nented network of sub- disc ip lines with 

r.rr'^i.nu ition possible only between scientists 

ir. nfi.-h'M.j .-b- ti«-I<l'. . \U sl^ that "it is po;sih:v 

to think <^f plani^ln,; what rav be d»'Stribed as a b,i lanced 

>ri'iu f >r th._ ►•ncouri*;* ^»'nt of science," and issues a 

ill r J. {),Mit ,h >« a'.-.ioi^.s <in(5 "inte I lectu<i I 

< ' ; r • . 1 ( >^ ,1 1 . Tif 1 »t , t > a: >''je (Hit i s ,vie? 
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in<i reach dcclsion<; on (question > of scientific al locat ion . " ^ 

Madtioi reviews so~e the, historical evidence on the use 

)i c>'^ittee'5 zo encourage support of neglected scientific > 

ii-l'i. in Brit.iirt, ind onorr^s wich j triuch r.ore favorable 

vi»*w Chan Polanvi*s of trie u>ef'ilr.os^ of suc'n a device. 

r.ie v:ic» of "a great ^any rrjoro a d h f co-r^ittees" rnay be an 

i-^pv^rtanc way to rtMcb "a balanced judn^ent on questions 

1 1/0 the iTipjri mce that should be attached, in a country 
»^ 

liKe Britain, to high-energy nuclear phvsics, spTce 
re.'earcn, or ucv' in ..'.raphv . 

At >n,; ritN'r different line;, C, F, C<jrter m 'is 
"Thx Oi >c ri ' I ^n of Sci»'ncifio J-*ff>rt'* pr )po3es an 
fC ):'.j'^aC criterion to >;uide scientific choice. Writinr, 
:r tnc b.ic< r ^und ii\ ecor.^^nst. Carter su; \ests that a 
1 T r w.iv t > ij'i^r jjch the prooler is to pose the questicn: 
vwH It km'i >f di 'tC ribut ion of scientific effort wil,l trost^ 
eiitcti/fU increase Che flow of •wealth'' In turn, this 
br M J qursf . n -an br>Ktn drAvn into r6re rranageable 
i>':r>- ^vn. oC 1 n > which can be analyzed with soire precision 
and w'lich reHect a country's peciiltar probleois. In 
Br;'.aiiri case, ihe Tia ) -r need is t.o *'\pand e-.portb (or Co 
find >uh>titaco'> for ir^portJ). "Tl^e ex.runation >>f whac 
w*' r,n)w ab vit tr.e paccem of e-.portb two or twcnc / years 
ah.* id," tnen , can provide "a start^^np; point for scientific 
p>licy . By asKin^, these questions about the long-term 
pr>->j-rct> of BriCi.>h exports (aud abouC i^ubstitut: jn for 
inp>rt>) ic W')jM, I think, be po^^-ible co reach sore 
c .'no I Jil ^n^ , tir.t about applied research and d. ^^tnenc , 
then abMt t*^e pure research which feeds into it, and 
fmall/ ab.>»it the formj> of trainin^ needed to support this 
r»^ ir^- h . " ^ * Carter's approach clearly present?? some sharp 
c.>ntra^t» with the view>, idvanc^j hv Weinberg, Polanyi , 
and Maddx. Despite di .t:r\*nces in )rientation, the 
otht'r au:h>r3 accept the well-bemc and advance of 
■>r:»-nii" itself ai a basic "given" which nijst bulk large 
in HI/ »j'pr ' J< ' t > >cicnt.'\c chv>ice. Althou'^h he ret 
nije > tb u./ naMi^n ab a -^atter of p Uicv riay wi ;h "to 
jraiertike par<' re-^circh beyond wh-ic can be given a br^ad 
<» -^i'^ jir.t I teat . n hv :t. ult:-"iie application,"^"^ 
CiritT v:*MK'rill/ n-v»i ^ t eTpuiis *md ev.^hiaces 
5Ci"ntiti.- i^f : irts in irr- . th»'ir c'ntribMU 'n to a 
nation'* econ^^-^ict v^elfare. A^;iin» hu^evci , there is with 
Cirti'r conci*m for discoveru^; «i ?,cnera' forr^ula to 
,.r/,'i*.> irderl; vav t) ovalajre scientific choices. 
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III , 

These sCudies have all added useful insighcs inco che 
difficult conceptual problerss in'qucscions of scientific 
'>^ >uc. ';>"^e of Che I'-porcant is^l:l>s have been clarified, 
aftd there is-a vastly tnore soptu jtic«ited b«isis for 
discussion. In a sense, hovevcr, these studies may have 
attempted to do too'-nuch. In structuring the problem of 
scientific choice as chough it could be "solved" by 
discovering the right approach; they have oversiraplif ied 
the «ilternatlves and failed to separate out aspects of the 
problera that are logically distinct. 

Weinberg, for exaniple, in his first article has not 
attempted to specify what sort of "trade-offs" might be 
Involved anong his respective criteria. Further, his 
cAnc^ot of >>»>cial merit is so general as Co be non- 
opemtional. In fairness, it must be admitted that it is 
difficult to part with this 'elusive social merit concept, 
unsatisfact ry though it may be. Something like broad 
SKial merit perhaps must figure in various issues of 
scientific choice. But it seems appropri.ite to ask that 
Che constituent parts of "social merit" (i.e., national 
prestige, power, etc.) be spelled out and analyzed in 
greater detail, and an effort made to assess what 
weight should be given to such factors in what kinds of 
docis ions . 

Weinbi'rg*s second article, though an ingenious effort 
to make a politically persuasive case for the support of 
science, might lead to a situation where we were doing the 
right thin;s for the wrong reasons. It is all right to 
niJe pare of society's support for science under a more 
prjcticil l ibel -i^) lon^, ab th<- mi ion- )i iented agencies 
tiVc 1 bi > id view of wh.jc research is relevant to their 
concerns. But -Au^l w>uld happen if they became disillu- 
sioned with Che role of sciencuc as wizard and adopced a 
le.tricrive derinitDn of relevance? Or if budgecary 

. ^, t. I t K' (.Wis in rhe u vulnerable parts 

v: .i,>.TK'/ :)U(U»ts' bci.iKe tiolds nw;ht suffer Che same 

17 , 

vi.>iri )t fate ao their sponsoring agencies. In 
stn.'in,; r c ik,' a<v nmt H poUpical realities, Weinberg 
may h<» ye <a.' C.^^ lar in the <lir«'cCl>)n of cacermg Co 
current i rr it i )aa 1 1 1 it s In Ufic.al ind-'popu araccicudes 
• ^irl ^ti'^^' \h' dv aU'^ have i.^lr ^l.^di a note of 
di un^- naoiisne >•> mo the debate which r .jlJ boomerang 
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over Che longer run. In the end, chore 'nay be no sub- 
scicute for cho sophi^cicaced public unJcrscjnding of 
science wnich Weinberg regards as unlikely Co be achieved 
in cK» n* .ir fut arc. 

Carter' 3 economic approach nit»ht be helpful m 
cLjrilyms choices abouc whit Sort <>l applied cechnol^.'v 
and induscrz.ii R^^D a nacion should to.Cer, but ic is 
clearly less apolicablo In ocher areas. Prioricies of 
o:£orc arong basic research fields, for exaniple. or 
d»'ciijion? on >pecitic projects or individuals to support 
wich basic re >e arch funds, arc p rob I en:, which do noc lend 
Chenselves ej>ilr Co tradi Clonal cost bencuc analyses. 

Polanyi, on che ocher hanJ, nay be correct jm 
in->i^^Cin>; on che auconomy of science a^ a con^iunitv of 
pr i^iMial » in certain spheres, and m assercifig che 
ci-Ti-uni ty ' s ri/.ht to r?ake certain kinds of decisions 
without outside inCerterence. Judi^rtencs on the Scientific 
fierit >t I n'li /uJ'i u s , the value of research proposals 
withm .'»iven baijic re^ru'th tields, and operational 
Tiosti>n>» c « 'not mi n^; h >w research pr >)eoC:i are to be 
carrifd o'lt are e.^mpU-s lU matter* chat are probably besc 
left Cj chv scn>nti>t^ the'-jelves. Pi>lanvi*s guild 
3/ndicali .t apprtMci^, however, breaks, down when one leaves 
the realn of pure science and encers chat of applied tech- 
n^l),'v n^e kind .)f debate bv whicn research priorities 
art- argje<l ouc wlchin pure science is clearly inadequate 
a^ a neins for reaching decisions on what lines of cech- 
n()l>)^',ic 1 1 devclop-ient to pursue. Inevitably, commercial 
considerations are m :>Ived here. AC any rate, it is 
unreal ISC Ic Co e<pect chaC sociecy will not msisr on some 
v^lce la a re. I J wheir e\pen>ive tlevel opnencal -ictivitif^ 
are financed wholly or in part by public funds. I'olanvi's 
approach In general fails to appreciate thac society's 
chief contacc wlch science is through Ceclmoloj;y, and that 
:et* ' <iJ-ti i mmmm i ^ support for science is conditioned to a 
i.-ru' int (l«-»rer b/ tU- re il or i-M^mod tec*mo logical 
"•'u:it. tM>-h',hc to fallow fr »Ti scientific research. 

^t.idlo-:', aiuilvsi:>, althou^'U iie takes certain mcerest- 
»'* .iT'^ If > Pm»,t/i, st*'"^, ^i.Sncc to Che ^a-e 
-nri.i.n,. AUhMtir,n he believes cLiC u is 
i''.>'''le C) plan • baL.nced sti-it«'>',v for science's 
.}r",.i r-cnc, he concmues to insi:,t chit ""decisions on 
♦ '•.••ntific poUcv" should be "decer^med bv the long-tem 
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InCurcscs ot science Itijelf."^* WlMCovtT pU»!inini», Is 
nocdccJ should be done by che scxencisca chomseLvcs through 
inCv" llecciil coaf roacacions like chose b\ which ^cienciscs 
ir )uc the '"crit-. >1 c^^cir prop^.aL-* within cho ncadenic 
w>rl:. Thlb cho v>nlv way, Maddux .Uk^^^oscs, to make wise 

dc;i>i>n'> t>n the allocaci )a oi scientliic et'forc eicV^jfr In 

• 20 

Cccnnology '>r 't^^ive science, Madd>^. m^mlfoscs an uncritical 

t'jicn in the scientific co-^niitutv's ablUtv to make 
di.^-"minj5 choices on science policy and, m conCrasc to 
W«'inin»rg, soe"^. to have no* real conceptiv^n of cho political 
context wlthm which maj^r dcciiionb InvUvxo^^ science muse 
be -"ioe. take obvious ey:ampU'S, .socii>cv will hardly 

cm^ider ic the sciencit'ic comunity's e^cclusivo province 
Ci> iocide how large the* research and devolopnont budget 
will be, the extrnl ol society's support for applied 
tec'molov.y as against pure science, the allocation of 
efl >rt becw«'»»n space exploration, desalination projects, or 
research ou tb** techno I )k', / ot urban trinsport. Tliese are 
in tri,>s)rc.<nt part value >r p > U 1 1 ( 1 1 decisions, alChoui;h 
t!>>/ i:w«»lve in undt-rst intlinj; the tethnic.il pob sibi U r I e 
and IS such acc )tijit ibU »ftlci>l. inevitably must play a 
pr "-^^tnent r >K'. 

Moreover. Studies in' the Sviciology o^ science have 
ostiblishod th\Z the "sclentilic cor^unicy" does not 
ilvav, beh ive ^cricil/ act ^rdin^ to a n)del oC perfect 
- V-' fxti ci' n in the cla^»i<.al ec*)nT^ic sense. There are 
"di t'*''*" U scien^-o, oli/,irclaes and Internal power 
cl ijtt,'r> h .m vi/" and ^ t .t dhitint,tions , and per^.^nal 

and inbclcati )na I vested mtrrebti that avbte-^at ica I Iv bias 

21 - 1 • 

Che do(.i^i)n process. Ar.v="«*nts tor Uvivinr. •Jecisions on 

s< ion. e p>)licv tt> th.» iiU )r'>al worl- inr,s ot the "scu-iUit'ic 

r r^-.jTu'^v** hj/i'. t 'art!i''r '>r.' , ilw.i/ , >,u! Ter^^d fr^-^ an 

InabiUc'/ t > accich in f^j^-^ r a * )na I dennition to th.it 
22 

ri^nceuC. 

IV 

Wit I .* ^ T u m'^, **1he (^nph >icv ot otnontiiio 
* !< J. A .t ^.k t aV i.u', the debate M er>s to enter a new | 

r 1, :H\ t{V'-> tN- 1 Ji-Mr^ step m stros ,in»; 
fhif t>.T.« s VI \ > teve. , »nd iii.t 1 1 au >nal contents ( 

wh,^re chu-ci >n SL.ientx:xc et: ^rt nu;t he made. Hence it ' 
IS chl^verical ^upp^.e that there i» a simple bi>-, proolon 
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of sclenLll'U cholco. Tiwvv in incvicibly n mulclpllcicy 

of problems ot choice and plur.illc/ oC criccrla co guldo 

choice. "Unless some parcicuLar adTiiniscracive context Is 

spoclflc<3, qucsclons abouc 'scientific choice' become 

csiienci.illy indt'Ccmmace , for It Is che exigoncios of che 

specific conccKC which impose parclcular criteria of choice." 

Or again: "...Ic Is the very demand for a single overall 

'order of none' that lands discuss iona of science policy In 
25 

confusion." Ic follows ch.ic che quesc for a conprehenslve 

"soluclon" should be abandoned, and our accencion should 

InsteA be focused on a range of componenc problems 

contained wichm the amorphoiii ^'cncral heading of 

"scientific ch>ice." It is on the no re manageable ibsacs 

that analytical studies might be expected to make an 

i.u» >rtant contribution. In sh.)rt, what 'is required is 

"a c hMror i;u! crisper vision of the qiiestions acru.illv 

.it l wue m che fornulatlon and administration of a 

scifn o p>Ilcy."^^ T>iilmln .iCCe^npCb Co provide some 

g'jidctino^ b/ dl s t In^MiI ,hitu; t\>iir c.Jtek;ories of research, 

ind i'li^gost^ > >mo con . i 'ifran<>n'i relev.mt to choice 

within o ich citoi^ory. 

T)ul'*in's appr >ich clc.iri thv aii' of sotre troubling 

pr 'bU"^s (bv decl.iring l^l^em c> he juM-;>r i^le-.s) aiui chart^) 

I puh th.»c C'Mild be pr^mi:>iu«; In future research. ^ 

•'r.hap'>i ly , iliiou^'h he clariltes nuriber of difficult 

p'lai^. r>iil"^in adds •> >ro c^'nfa.s;! of his ow». In 

•>fi*'Uin»; >ut t^e practical l-pl icat Lons of his reasoning 

t »r fu'lv{ >t public admnistrati^a, he enunciates a 

>;et\erU principle of )r^jni.: iti.m which be believes 

"hold.s in che admmibCratlon >f i>c lent i tic affairs as 

' , 27 

t >rci'>lv as it d^u's Ir. the rc^t ot the public servici ." 

Uu > i'. i\.v principle th.it tho structure of dep.ircmeiii? 

iJvisJrv cora-Uctoes "s>ho'ild bv so ordered that, .k 

ever; point, decisions have to be t.iken between 

23 

c g ^ yi r a '> I c a 1 1 e m.i 1 1 v e s . " In most'uicvtb ol public 

i' la^.triti n, T-nil an asj>erts, chi-> ^i^'^eril principle 

i> w. ll-ri( ^>;!U.',ed, an l " orit iin .Mt i o^.U structures have 

be.*'^ developed which falthfall/ retlec; .ind discriminate, 

29 

ti*t« vUtfermt L»v)vernr rnta I fa:KClons to be perfor.t^ed." 

A. a sr»M-)cnf o! hiu^rt vil fact this assertion is 
. ir 1,' rti ,» i,«,»a. It i> a >;r*at s i- ip 1 i f icac 1 on to suggest 
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organlsaci .1 uric:j on the b.K%i>» at' v,or^o t»'c rv ra .• 
hono2',♦.'nt'tc v . D«'r irc-'.enc or^inii.icion roilcct^ ror^ Che 
t.^p.i t >t viri->tj% 'Vc~>lo^^i.caL'* i.icz^vs, such ^is cri*o,. 

poiicsciil ali?,;:;rep.t^ which >;r 'v oui n t u -.c As .1 ro^iU. 
)^.>verTv^ent 0rg.1nl2.it 1 )n Is >»(it t > havr ,1 r.icSier viis^>rclcrlv 
Appearance -mU a d/na ilc lu.ilif/ t.^\<it bv.ir . liitlo rosiri- 
blance to noi:lonj> ^t' abi^iract Iol»ic mi the i> >i,4pj enc of 
ftinc C lon:j . 

M.>re irp'jrCsint. r UrunV* .ic\ rvtlcccs a 'teriovj^ 

nisc oncof'C 1 ni iwv naturr oi L\\v p»licy jiv>^,"s». Vav 

dccLsi->n-naktr . c-<Ct'i pi-rn.ip'. at the Lowc:»c Icvols <U 

pr >*',r.l'Tred accivitv. inhabi:.> J uj. t ; - < ^ b | c c: v 0 11 n i vrr . 

Tit. inp)rt u\i otioUi*^ chrv>u4hnit the adn:ni:.crative hicv- 

arotJV Involve an lacric.icc balanclnv; ot cont'llctinR objec- 

tU'cs, Rare U the clrcuriatancc when choice can be r^ade 

on the hasi> >S i Am\\v cl» »r ^ibjeccivo handed dow;i fron 

J. ahive, Tlic ^fi-nU.-^ v*o*) ot poUcy fi>rTnation and .idTimis- 

tratlve action irrplics a c.iiulnual refinenenc of stated 

objectives -ind f >r^ulat:an v>f now ob jectl vos . Tlvis it is 

-ilsLeAdluK to suv;^*^^^; th.it "in a wolL-structiired .idTiini^- 

trjf in ob 1 f alu,».s i!' v« , s.iv, ^i»».tiin,; .1 contract tor 

..V. 

.nt tu•^tol•^^ ^' r il 'S t'..»ti a-. -^fS : i>;hti r- >or tM'i , . , , 
11.0 ch*)ice Tii^^'t: vrl ' mvalve bavins; a tran:>part ratht'r than 
an»c'avr f i >»hter-b ^-tor *- t>r conbldi-rln^ whether it is 
<io>lrabU' to buy at \\i depending «>n other objectives 
betriK 3*>'iv^ht chrxu't^ the ins tn:rtontjl objective of a 
fl;»hter-bor-b»'r . 

ToLil:nin*i vrc^i >e hln into Horvv curioiis blind 

.illey^ He observes. In a tone at ^;enulne surprUiO. that 
tn the t'nited :Jtates tho ">;.itl)nal Aeronautics and Tpace 
A'i'^i nUc rati M\ ha. hern ^iven S.^ch the .mth>rity and the 
--tMns to alter subs t intia 11/ the n.uiv^nal division o£ 
ti'i^rt v\s between (^av) Indjbtrial dcvelopTont, defense 
111 . i»T»trt. r»*.r»r '1 in^ce Hi of be in;*, a purely 
I* .mutr itiv»' ak',eu \l li t > thit e<totit a political 
u^'^n.v tikjn,» polici^'al 1 >: >'\^ The incor-^ink^lin/ 

*l p'lu," anti a<Hir,i »trici.'>n h\> ^^cc-^-e so widely 
r- .•.!u/i"! la p'^Iic id^ini r iti >n litoratare that 
* : >l>>.er"i»i n . i-ii.dtl/ t; T>ul'-!la ^^jes *>n 

t'> i'j^^esc \ b' ir:* d i«.t m^- 1 1 >n betwi i-n 'technical" and 
"political" <.*>»i-»' > . Hv irtplies thit t'^e lattor should 
b»» Ictc to r^,.:..il uirn^ritle^, a\il taa: scicntuic 
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advtb'>ry cv>r:M t tot's sh>il«I ». >t^ii«iiT cirotully tomuLiced j, 
"techf.ic.U" questions. CUmtIv, chU U ju unroalisticalLy 
rl.'l.l distinction when one considers scioiicoS pcrv,isive 
If PA'S? Jt lev.'U of *v5dorn Q>%ornrcnt. 

One in roniudvMl )t now di »:rfditod not i ch?it used' 
C> c >rTr,uu! sonc acconti^m In ttariKUu; ahouc del en so policy • 
li'.'ir^*, "roll t leal" decisions were tho«vhc t) Involve 
$jch tjuej»Cionb <is cho )VA.'rall level of the dulou *e budv',et 
and a broad state*rjent oi strategic objectives, Then 
"tochnlcoL" judgwent^ would dote mine !tow to pursue the 
bro.id goals nose eftlclently and purchase the most "de Cense" 
t»r Che d>llar r\\i-i line thovu'ht asM:ned that ?,encral- 
Irle^i like "df tense" and "deterrence" were oloarcat ^oaU 
that coiUd be maxliniscd at given bud>;et levels, and 
l»;n»»red the cimjCant Interplay between expert and political 
J»uU7nenC th it often refine:> stated objectives and generates 
new poltvv' goaU, Toulmln's vUw, In sunlUr fashion, 
C')nstr'i'''i an irtltl^ially hU^.h barri er becweon the realm 
>t p'>U / I'^'i tKit >l tt- '^tutMl expertise, Tlie view 
woalxi v.>n,u:a ti\e i"^:>>rtant ch ices in science policv to 
hjn».h, tnt iiti >n, valai* preterence. the po I icsTiaker' ^ 
raU*- >t*-tfi'r* > ts -^t<ac » \vM wovild unnecos^s^i ri Iv 
ci r*.ici>u ri;e the r^'le of tc, niucal expertise m clari:/m^', 
the villi c'lMCt's. Anilvlical :i tidies .ind tichnuMl 
rxpertj »e t^^»* '»u>>t i"ip>rtant pr>t>le.*i3 wouU he M^y^ 
credited a-, lUe^^'i 'iCe tfif >i m m' « l^^* }> .r*- n.il^ 
'>f *Vuvio" m: *p >lit;:caL*' deciJi^M. inhabited ^olclv by 
the p>lituiir!». "n.a^ in a :>ense T^nilnln'^ analysii. lead^ 

back to t o he. inning' p Mat tl^e debate, Wember^^ 
h.jd rec ^>vu;:td that tl.e reaU/ di:ticiiU choices m science 
pv>lii/ inv>Jvo no ' 7 ens nMbh's h^^w tt> alU>e uo 
r»» »'H i»s t »r V lence wiiere theiV »re uo c U\ir Htaadards 
ot c>*piris n mil j'l i.*»-ient between difterent fields oi 
activity. Ufinr>or^ (rightly) saw the probUn as one of 
tr^.n,; t. ^» e e b>^«'^ f >r deciji)n nore e'<pliclt, and 
n leovM\.; i p*i?»nt chv>ioei on <cien«.e policy solely to 
the 5)ci>cvin>i )t t!u» pv>litical process. 

In rair^i'is r r * iwever, it should be pointed 

o It t'.it hf re 1. tin,: ivMin^t certain f e iture-i of British 
>ri* KU if i n ^ t >' i»«He whuh have tende^i to Insulate 
reseai a act. /it i. . t r I'liatiJo political direction. 
r>il''..n hi-sel! set"^s a lUtle vinv >r r .»rt ih lo wi ch hi s 
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fomulatlon. He goes on to applaud U.S. organization 
for scientific advice at Che White House Level the 
•resident's Science Advisoi;/ Coranittee (PSAC) and the 
'Office of Science and Technology (OST) advisory apparatus. 
For "tneir advice ser\'es. not to supplant the ultimate 
political decisions, but to make them better-informed ." 
Still, Toulrain's analysis only begins to probe the major 
dissensions of the larger task he 'outlines: the need for 
"a clearer and crisper visioA of the questions actually 
at issue in the formulation and administration of a 
sciencfe policy." 



What would bti some salient elements of this "clearer n 

and crisper vision?" First, it seems important to make. a 

distinction between a national policy for science ani 

issues of science in policy. The former involves the 

development of policies for the management and support of 

the national scientific enterprise, thti strengthening of 

the country's basic science potential, and the selection 

and evaluation of substantive scientific programs. The 

latter refers to political or adniinistrative issues which 

are influenced strongly by technical considerations, and 

hence the question arises of the appropriate institutions, 

procedures, and policies for relating scientific advice 

to the policy process. This distinction is now fairly 

well-established in the literature, and it is a useful 

'one provided it is^ net carried too far."^^ For, as Harvey 

Brooks points out, an exciting scientific proposal may 

become an i-nportant foreign policy tool and , "conversely , 

a political problem may lead directly to expanded govem- 

36 

ment support for certain areas of scientific research. 
It is probably also»true that science has become a major, 
concern of society, and has received massive public 
support, only because scientific activities occasionally 
may have dramatic implications for national policy, 
especially in s\ich areas as defense, health, transport, 
communications, and economic growth. Indeed, developments 
in science and technology provide one of the basic "eco- 

37 

logical" factors which give rise. to government activity. 
Tlius ultiraately the distinction collapses. 
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Vec caking the distinction betv.*een science in policy 

and policies for the support of science as an ana].ytic 

point of departure, it nay be possible to help clarify 

some of the important questions actually at issue in the 

foiraulatlon of a science policy. Consider first the role 

of scientists and technologists in broad policy fon..ntion. 

There, have been relatively few detailed studies of the role 

38 

played by scientists in important policy decisions, and 

it seenis fair to say that there is no generally accepted 

"theory" on how scientists should figure in the policy 

process. Some studies have argued that tJhe scientist's 

influence in the policy process stems from his special 

status — his "apolitical" character — which enables him 

to introduce new perspectives unfettered by an allegiance 

39 

to the ^traditional rules of the political game. Other 
studies stress that scientists cannot play a responsible 
or effective role in the 'policy process unless they 
recognize that they are in the battle and not above it, 
and acquire a thorough understanding of the mores of the 
political system.^^ Some observers seem willing to go 
farther and to regard the relationship between scientist 
and policymaker as simply a Special case of the familiar 
problem of expert and p,o litician,^^ 

- In general, the arguments in f*1vor of scientists par- 
ticipating .responsibly in the policy process within the 
mores of Aitie:;ica's pluralist politics appear the more 
persuasive. But this sort of observation only begins to 
suggest the wide range of questions that remains to be 
studied. If scientists participate responsibly in policy 
formation, does -this imply a damaging interruption of the 
scientific career? What will this do to science? How 
will government organization be af§ectnd by the extensive 
particip«Ttion of scientists in pol^^^^ormation at all 
levels? If it is true that advising may become a full- 
time chore, will we have to consider some way to change 
institutional policies and personal attitudes so that many 
scientists can expect to serve a "hitch" as advisors 
without losing their academic (industrial) positions or 
fatally damaging their careers? Wliat should be the appro- 
priate "mix" between persons with scientific training 
within the fonsal government structure and the temporary 
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Scientific advisor brought in from the oucSide? Is it 

useful to thiniBi a bout defining a more fomal code^of . 

behavior to govern the selection and use of scientific 

advisors instead of the present rather ill-defined system 

of Informal understandings? Or would such an effort . * 

unwisely limit the policymaker's and the advisot*s freedom 

of action? Are there cj:iteri*i that can measure the 

"success" of current scientific advisory practices in any 

public policy area? 

This list, I think, provides a rough approximation of 

some of the larger questions at issue in the scientist's* 

role as advisor. How might some of these questions be 

tackled in an operational sense? One area that comes to • 

luind at once as a Likely candidate for further research is 

the work of the President's Science Advisory Committee (PSAC) 

and its net^vork of cor:mittees . Research could build on 

42 

previous studies of PSAC operations, an(} might teach us 
a grcac deal about what is involved in high-level science 
advising. As a confidential arm of the President, there 
will clearly be some limits to what aspects of PSAC opera- 
tions can become subject to research and open discussion. 
But it should be possible to learn* more about the past 
roewbership of PSAC, what branches of science, geographic 
regions and institutions they have come from, how they 
have viewed their PSAC experience, what effect it may^havq 
had on their careers, what sorts of problems they 'have 
addressed, and their relationship 'to the traditional ' 
departments and operating agencies. 

A related; topic that might be fruitfully explored is 

the role that the Office of Science and Technology (OST) 

44 ' 
has played, since its inception in 1962, ' in providing 

advice to Congress. Tliere has been a cdncem in Congress 

45 

with the need' for <ide'quate scientific advisory facilities. 

It vould be interesting to know more about how that need 

has been served through the ,OST mechanism (and other 

scientific resources .of the executive branch). Also, the 

National Academy of Sciences' role in providing advice to 

46 ^ 

^ certain congressional^ conn.ittees may warrant study. Due 
regard should 'be paid in such inquiry to the' likelihood of 
drastic chan/es in congressional oversight of executive 
action^i^^ngress hod substantial advisory facilities of 

^its own. There can be little doubt that congressional 
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incervencicn In the execuclve decision-making scream would 
be more persiscenc, detailed, and ipe^vasivc Congifess 
could cap extensive expeurcise of ics owxi. This could 
have imporcanc iraplicacions for che American governing.^ 
^yscera, and is an aspect of Che problem frequencly over- 
looked by advocaces o£ greacly screngchened/ congressional 

• staffing and advisory facilicies. 

In general, on Che^heory chat conceptual discussion 
and empirical inquiry should go hand in hand, it would 
seem useful co hc^y/c many more case scudles of how 
sciencists have actually figured in imporcanc policy 
choices. We mighc then have a better understanding of 
what qualities and kinds of background contribute to a 
"successful" advisory role, the strengths and weaknesses 
of different institutional arrangements, how to avoid 
unusual conflict-of-interest situations, and other 
problems of using scarce intellectual resource's effectively 
and responsibly in policy formation. There is some good 
sense in attempting to defipe che conditions that make for 
constructive use of scientific advice in policy formation, 
but an overconcem with logical neatness or administrative - 
tidiness would miss the essentia^ point. The principal 
objective of a svscem of advisory services is not a clear 
structuring of roles but rather a guarantee that signifi- 
cant problems and policy alternatives are constantly 
thrown up for the policyrnaker's consideration. An effec- 

" ,tive system probably should include advice from a number 
of different poincs, some interested and some disinteres ttid 
the advice sometimes parochial and sometimes broad in scope 
some sources concerned wich the long-run and some with the 
Issues of the moment. Thus the need to rationalize, not 
revolutionlr.e , our present pluralist system of scientific 
advisory acrvices should perhaps provide the relevant 
framework to guide further Inquiry in this area. 

VI • J 

V - ■ • , _ 

Let us now shifc che focus to policies for the sup- 
port/of science. We carried the debate above to the point 
where the quest for "the" right approach to questions of 
sciendfic choice began Co be called into question, Tlie 
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search for general princik^les applicable Co alt quescions 
of socicc^'s supporc for science seeded coo ambicious an 
undcrcaking. The problem was coo amorphous"; coo besec 
with concepcual dif f iculcies , coo tr^any-faceced for any 
scra4.ghcfonvard solucion. A pore promising direccion for 
fucure research seemed Co be implied ia Toulmin's call 
for proxiniace criceria Co assise choice in specific well- 
defined areas. Toulnin began Co lay Che basis for cKis 
sore of analysis by defining (Sextain caccgories of research 
supporc and suggescing considerac ions Chac mighc be relevant 
Co choice wichin each cacegory. 

Tlie roosc significant efforC Co dace JChac has soughc Co 
carry Che analysis of sciencific" choice beyond Cheenunci- 
acion of general principles is 'Che recenC repoxjC of a 
Nacional Academy of Sciences panel, Basic Rese arch and 
Nacional Goals . The reporc, done at Che requesc of Che 
House Conwiccee on Science and AscronauCics , may repro^senc 
somcching of a milescone in Che provision of sciencific 
advice Co Che Congress. The Academy was asked Co address 
icself Co Cwo broad quescions: 

1. Whac level of Federal supporc i? needed co 
maintain for Che Uniced Scacc^s a posicion , 
of leadership chrough basic research in Che 
advancemenc of science and cechnology and 
Cheir economic, culCural, and milicary ^ 
applicacions? 

2. WhaC judgnenC can be reached on Che balance 
of supporc now being given by Che Federal 
Govern.'nenC Co-\/arious fields of sciencific 
endeavor, and on adjuscmencs Chac should be 
considered, eicher wichin exiscing levels ' 
of overall supporc or under condicions of 
increased or decreased overall <^supporc? 

The cask was delegaccd Co a special Panel on Basic 

Research and Nacj^onal Goals under Che chairmanship of 

George B. Kisciakowsky , The panel Included eighc members 

of Che Academy's Commictee on Science and Public Policy, 

plus seven ocher represencacives drawn from govemmenc 

^ 49 
and industrial laboracories and Che academic ^jcommunicy . 

The panel chose noC Co prescric a unified reporc based on 

a consensus of Che members' vifews, but inscead presenced 

a'^collcccion of independenC buC -supporcing papers vnricccn 

* by Che Individual panellscs. The resulc was a much more 

usexul review of che many difficulc aspects of che subjccC 

Chan one could expecc from a unified conrmi'tcee documenc. 
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Most of Che prapers avoided any at tempt to answer the . 
Cdnraittee's questions directly in the ternis they were 
posed; the panelists generally confined their attention Co 
aspects of the suSje'ct which eaph felt to have some pnrtic- 
ular relevancei for the larger questions. A conwon thene 
sounded by niost of the panelists /'however , was that the 
system we have evolved to support science, whatever our 
understanding of its inner mechanisms, has given the 
United States a pre-eminence in the scientific world. 
Drastic changes in the present systcn, therefore, should 
be viewed with susp^icion. The quest should be for marginal 
adjustments in present policies to jjssure a continued United 
States leadership in basic science. 

The-papers by Blinks, Horsfall, Pfaffwann, and 
Revello examine the needs of particular fields of science — 

*5sio^06y> medicine, the behavioral sciences, and the earth 
50 , 

sciences. Levels of support, manpower requirements, and 
future needs are discussed in some detail. Three other 
papers, by Kantrowitz, Teller, and Willard, are concerned 
primarily with the relation between education and research. 
Kantrowitz focuses on problems of strengthening the applied 
phy.sicnl sciences, and proposes a plan whereby qualified 
government and industrial laboratories would share in the 
* educational function by supervising thfesis work by graduate 
students on the premises. Teller is similarly concerned 
with the inadequate emphasis given to applied science" in 
graduate 'school curricul^. He believes that the United 
States hns slipped badly In the applied science fields, and 
endorses the suggestion for closer cooperation between 
government laboratories and unrveTsities to strengthen 
graduate education in the applied sciences. If 'necessary , 
legislation should be enacted to permit goverrcnent-,f inanced 
laboratories to spend a small fraction of their budgets for 
educational purposes whdre appropriate cooperative * 
arrangements can be worked out with a university. Willard 
discusses the need for Improved science educatjlon at the 
secondary level, and sees graduate education in the basic 
sciences as requiring a, further Infusion of federal research 
funds to support many worthy projects not now receiving 
support, 

Bode's paper is a wide-ranging scholarly Review of the 
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changing relationship between science and technology crom 
the early period of mutual isolation to the present growing 
Interdependence.^^ He'ends by stressing, with Kantrowitz 
and Teller, the need to strengthen the tie between basic 
and applied science . The paper is intended principally as 
background analysis, and as such contains few explicit 
policy recomraendatiops. But the main thrust of Bode*s 
analysis is clear: the United States needs to maintain a 
position of leadership both in science and in technology. 
The nation can no more have a flourishing science without 
technology than it can have a flourishing technology with- 
out science. Successful applications of basic discoveries 
are-inore difficult and demanding than is commonly appre- 
ciated (and are growing steadily more difficult) . 
Consequently, there can be no slacking off in the efforts 
devoted toward achieving leadership in the technological 
field. 

The reraaining papers deal with a cluster of Important 

• tactical questions arising in connection with the support 
of science. The papers generally accept the premise that 
support for "science as a whole" is not a very useful 
concept as a focus for budgetary decisions. Much of 
society's support for basic science should remain with the 
mission-oriented agencies which provide support for those 
areas of science having a potential bearing on the agency*s 
practical mission.^ Weinberg seems m6st insistent on the 
need to separate mission-oriented basic research from the 
basic science budget proper. He elaborates on the ideas 
developed earlier in his Minerva article, and seems to 
draw the distinction between the two categories of basic 
science support in sharper terms than he'had previously. 
Other panelists follow his general line of reasoning, but s 
so.-:ie drawbacks in this approach. Brooks and Verhoogen, in 
particular, point out that difficulties may arise if 
science budgets become overly sensitive to the normal 

* fluctuations in agency budgets or to fluctuating opinions 
within an agency as to the relevance of particular basic 
research to the agency* s mission. This leads a number of 
the* pancdlsts to a consideration of the National Science 
Foundation's crucial role as "balance wheel" in providing 
support to areas inadequately funded by the mission 
agencies. The National Science Foundation role during 
the ne.^tt decade is seen, especially in the papers of 
Weinberg and Kaysen (as well as Brooks and Kistiakowsky) , 
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as perhaps the major concern of U.S. science policy. 
There is a strong suggestion that the National S6ience 
Foundation role during the next decade should become much 
greater than it has been in the past. The nee^i for an 
expanded NS? budget will become particularly acute as the 
science budgets of mission agencies like the Atomic Energy 
Cossalssion , the Departrent of Defense, and the National 
Aeronautics and Space Administration tend to level off and 
the fields which they have suppor4:ed (especially the 
physical sciences) are caught in a squeeze. 

The need for distinguishing between support for ''big 
science" and for "little science" in basic research is 
another matter that concerns many of the panelists. There 
is some iipprehension, spelled out rcost forcefully in the 
papers by Brooks, Kaysen, and Kistiakowsky , that a substan- 
tial part of what is considered support for basic science' 
goes to "big science," i.e*, research that is very 
expensive because of high equipment costs. This may give 
* a distorted impression of the araounC of support actually 
going to "little science," i.e., support for the individual 
investigator not involving lar^e capital costs or what 
roughly can be considered the costs of academic basic 
science proper (but only roughly since some academic 

basic research is "big science" at\ti some "little science" 

f 

is done at other than academic institutions). The problem 
is chat a great deal of money may be spent on "big science*' 
which swells the budget for basic science and makes it 
appcqr that basic science is being handsomely supported, 
but in realit/ "Little sciei)ce" may be relatively 

« neglected. As Brooks puts it, "The situation would be a 
little like building a new department store that was so 
expensive to keep op^n that it was necessary to fire all 
the salesmen. . .much of the planning for new, research 

^ fc'icilities that took place in fiscal years 19*62 and 1963 
was based on an implicit assumption of continuing expan- 
sion of research bjudgets. Now, in fiscal years 196A and 
1965, when these facilities are just coming into operation, 

the expenses of merely making them available without 

« 

any science are confronting fi.xed or even declining 
budgets for basic research. The political embarrassment 
that would attend not using a facility already built makes 
it inevitable that the facilities ate made available 
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anyvay, usually ac che» expense of* che individual sciencisc 

who does noc have large fixed coses. A recenc calculation 

indicates chac if che budget for oceanography continues co 

scny level, the cost of operating ships already planned 

but not yec cor.pleced will eventually consume almost che 
53 

entire research budget." In Brooks' view, and he is . 

seconded by Kaysen and Kistiakowsky , special efforts are 

needed to assure adequate support for scientists engaged 

in "little science." 

These panelists generally agree that different 

standards 'of judgment should apply to decisions on "big 
science" and "little science." Decisions on allocation 
of effort within "big science" must be more centralised 
and reflect more extensive participation of high-level 
govemroenc officials, because these decisions represent 
che largest expenditures and are basic investment 
decisions of the federal government, (It is clearly 
impossible, for example, to give every high-energy 
physicist his own accelerator.) With respect to "little 
science," howevei;, there should be greater scope for the 
workings of the scientific market place and a more decen^ 
tralized style of decision-making. In principle, every 
truly competent "little scientist" should be guaranteed 
support. Kistiakowsky estimates that the total costs for 
this category of support would be about $600 million a 
year at present, and should be expected co about double 
over che next five years. Definitions of ^competence" 
(and thus e^imates of the numbers of scientists wlio merit 
support as individuals) vary somewhac. Brooks seems most 
insistent on a strict definition of high quality, suggest- 
ing chat perhaps only 5 per cent of all the scientists 
presently engaged in basic; research merit suoport as 
individuals because of che Inci^insic promise of their work 

In view of rising coses for both "big" and "little" 
science, and in view of increased graduate student 
enrollraencs in the sciences, all of the panelists who 
explicitly discuss ehe question urge that basic science 
budgets will have to be gradually expanded over the next 
decade. Increased support appears necessary just to keep 
intact the present system of encouraging basic science. 
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Sonicching in the order of a 15 per cenc annual- increase is 

suggested, A 10 Co 15 per cenc figure can also serve, in 

Che opinion of several paneliscs, as n convenienc rule-of- 

chumb indicacor of an appropriace basic science "overhead 

charge" on che encire cechnological encerprise. 

Another incerescing perspeccive chac emerges in 

several papers is che imporcance of "inscicucional choice" 

in quescions of supporc for ba$ic science. *This focus 

appears Co add someching useful Co che disci'ssion. For, as 

Kisciakowsky 'insiscs, many inporcanc quescions of sciencific 

choice ulciniaccly boil dol^m Co quescions of inscicucional ^ 

choice. Kisciakowsky and several ocJer academic paneliscs 

argue chac general, non-roission-orienced , b:^sic research in 

che universities, above all, needs screngchening even ac 

che expense of such basic research done in other institutions. 

Their argument is, first, tliat expanding educational needs 

give the universities first claim on federal siipport and, 

second, that the universities provide the climate most 

conducive no distinguished achievement in basic research. 

Kaysen sharpens the argument by adding the notion that 

support to the Institutions most directly concerned with 

generating new knowledge and producing new scientists can 

provide sonething of a "reserve'Vof scientific capability 

which can he drawn on for various national needs when the 
54 

occasion domands. None of the panelists would like to see 
nlssion-or],ented basic research taken away from government 
and Industrial laboratories, and most believe that government 
and industrial Institutions should do some general, non- 
mission-on ented basic research. The point at issue is 
where one <lraws the line between mission-oriented and non- 
mission-orj ented basic research. Kistiakowsky and Brooks 
vould perhJips draw the line somewhat more sharply than is 
done at present; their underlying fear seems to be that 
support to general basic research at non-academic 
institutions (nay present a squeeze on academic basic 
research in a period when basic science budgets are no 
longer expanding rapidly. Beyond this, however, greater 
attention t.o institutional choice considerations might 
have the healthy effect of partially correcting the 
present geographic imbalances in the distribution of 
scientific talent. It seems generally agreed that the 
project system of granting federal support to science •* 
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may have tonded to slow down the process of dispersion oE • 
scientific resources, which might not have been slowed down 
under different systens of support. Brooks recoraends a 
gradual transition to a situation In which about 25 per cenc^ 
of the costs of "little science" goes to supporting indivi- 
dual ^scientists , 25 per cent Is Institutional support » and 
about 50 per cent is project support. 

^ Kaysen appears to go farthest- in the direction of 
stressing the raeans oE reaching decisions on science 
policy. If we can deciso. the appropriate administrative 
nachlneryj which will provide both deliberative and In sorje 
sense representative choices, then many of the substantive 
Issues of science policy will be resolved as a motcer o£ 
course. In this connection, Kaysen proposes an ingenious 
"tax" on "little science" to Elnance a part of the costs of 
"big science," "This cost-sharing arrangement/' he 
suggests, 'Vrould bppear as another useful administrative 
control device, directed toward making those representatives 
of any (scientific) Eleld not themselves too directly 
concerned with using large facilities sensitive to their 
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costs In tenns of their own Interests." He sees some 
arguments against the "tax" device but» in the net, 
believes it would have the important advantage of 
furthering "the corporate sense of responsibility that 

contlnulng'advisory committees tend to develop, even 

^ 56 
though their mc^ibershlp changes." Another part of. his 

proposal ^includes machinery for reaching deliberative 

choices on allocaCion'* between scientific fields. In 

general^ Kaysen see^ the search for appropriate admlnis • 

trative niechanxsms as a more promising approach to the 

allocation of scientific resources than the inventing of 



is Harry G. Johnson, Chicago economist. Objecting .that 
mach of the contemporary arga-aent for government support 
of basic ^clenti-fic yescarch puts it in the class of 
economically func tionless activity » Johnson urges that ^ 
"the argument that: individuals with a talent for such 
research should be supported by society .. .differs little 
from arguments formerly advanced in support of the rights 
of the owners of landed property to a leisured existence.*... 
Again, insistence on the obligation of society to support 
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Che pursuic of sciencifU knowledge for ics own Sake 

differs Uccle from che historically earlior insistence 

on che obligacion of sociecy co supporc che pursuic of 

religious cruch, an obligacion recoDpensed by a siinilarly 

unspecified >and problematical payoff in che discnnc 
I 57 

future." For a case to be made for govemraent support » 
he insists, that it must be shown that ^asic research 
yields a social return over its costs that exceeds the 
return on alternative invesLments of society's resources* 
His principal points of contention with his colleagues 
seem to be»r^o; first, he wonders wl^icher the assumption 
of a fixed resource (limited supply of scientific brain- 
power) is valid o;: whether the avai lability *oc scientific 
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talonc can be made responsive to market demands ; and, 
second, he .jsks whether non-government sources of support 
can me<^c a larger part of science's needs. ^ Johnson agrees 
with Kaysen, however^ that the market may not provide 
enough or the right balance of support. yiius some 
government support will be necessary. But, he insists, 
the questi<m remains whether the present coRznltment 
is too much or too little, and otj this question we need 
nuch further thought and analysis before we can be confi- 
dent of having any accurate. policy guidelines. 

The Academy report, I believe, has t.iken a large stop 
toward filling In the outlines of Toulmln's call Cor 
"a clearer and crlsper vision" of £he questions at Issue 
In a sc ence policy. ^Wlth further careful analysii of 
well-defined problem areas, science pollc>'Tnakers should* 
have a much better Idea ^f how to proceed in their complex 
task. It may be worthwhile, however, to call attention to 
the possible dangers of an overconcem with analytical 
rigor. For reason.s already suggested,- It appears' self- 
defeating to "suboptlmlae" to the point of considering 
only, very narrow and manageable questions. Hie larger 
questions cannot be left strictly to "value" or "political" 
Judgment or the whole debate becomes pointless. Seen In 
this light one suspects Chat the Academy panel may have 
dismissed too readily the concept of "science as a whole" 
as a meaningful focal point of discussion. Questions 
"balance" .nmong fields of science^ though elusive, are 
still a legitimate cpncem of pollcynakors and deserve 
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some serious, even if inconclusive, refleccioxv* Some 
choughc to "science as a whole" will be difCiculc to avoid 
if, as is generally considered desirable, the National 
Science Foundation should occupy^ a more prominent role as 
"balance wheel" in supporting science during the next 
decade. 

Vll 

The Acadeny report, as- the panelists recogniz^i, still 
leaves a wide terrain^ for further inquiry. A fey'^areas 
that seen particularly in need of further reflection and 
analysis deserve brief raenjtion, , It *;ould seem important, 
as a follow-up to the Academy report, to have further 
efforts undertaken to specify the needs of particular science 
fields, and especially to .identify neglected fields that 
may merit increased support. Wd need further analysis on 
the Implications of regional imbalances in the distribu- 
tion of scientific talent detailed studies of the actual 
costs and trends in support for basic science (especially^ 
as between capital costs, operating expenses, and what 
could be called actual research support) consideration 
of the feasibility cf greater use of cooperative inter- 
national ventures to finance expensive lines of inquiry, 
and further exploration of the needs of "little science" 
as against "big science" and of the conplex interplay 
between the two (including a detailed examination of how 
Kaysen's "tax" device might work). We also need to know a 
great deal more about future trends in the supply of and 
demand for scientific manpower of various kinds, the 
effect on scientific manpower utilisation of massive 
technological programs, the usefulness and wisdom of 
international migration of scientific talent (the "brain 
drain" among industrial nations, the "neocolonialism" of 

attracting science students from the developing nations 
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to the centers of advanced scientific research), and 
the extent to which :(if at all) international trade 
notions of "comparative advantage" may have relevance for 
a nation's scientific and technological activities. 

Implicit in this "menu" of research items is the 
assumption that we need more and better statistical data 
6n scientific and technical manpower arid the whole Spec- 
trin of R&D activities. Research and analysis will be 



* On :- 



( 



202 



greatly hanpered unless we develop a beccer daca base to 
• work with. As Brooks noccs , "A reconc report of che 
Organis'acion of Economic Cooperation ^nd Dovelopnenc has 
remarked that most countries have beccer stati^'tits on 
poultry prxjduction than they do on the activities of 
their scio,ntists and engineers."^' Tl\e difficulties 
involved in improving such statistics will be formidable, 
^ but with sharper categories and better conceptualizations 
of what kinds of data are CheoreticaLLy significant, 
important progress can be anticipated in the near future. 

Also implicit in this list is the assusiption that we 
need a bette; understanding of the complex interrelation- 
ship between goverunient and science. Some feeling persists 
in the scientific cotnmupity thac science has become tainted 
and corrupted by the , federal goverrcnent 's roLe as' benevolent 
patron. Tliis feeling probably can be in part written off as 
a nostalgic yearning for the^ austere purity of a bygone 
era. Yet there are grounds for concern. Tlie massive 
influx of federal research funds into the universities 
clearly has posed some difClculC adjustment problems, and 
raised subtle questions about supporting scieice in ways 

that are consistent with the incegrity of the scientific 
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enterprise. Some fear that the university "cUmate" is 

no longer conducive to creative work in pure science, 

with the distractions, administrative detail, and ^ 

possibly subtle incentives Co neglect goodt assoeia ted 
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with the quest for resJearch funds. A general concern 
is frequently voiced that Congress and the public are 
^ing led to think of science in terms of spectacular 
results like a moon landing or cancer cure. Consequently, 
there is an understandable anxiety chat major imbalances 
in our scientific effort may result and tliat the massive 
ventures may drain off a disproportionately large share 
of the nation's scientific and technological talent. 
What Is clear »is that we are noc very clear about these 
questions; we need to know a great deal more about the 
govemmenc 's .impact on the universities, industry, and 
other institutions engaged in research activities.'^ 
; In this connection it mighc be useful to take a 

close look at the "indirect coscs" tangle. Are there ^ 
subtle incentives secreted in the details of administrative 
contracts which motivace professors to neglect teaching? 
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What basis Is there to university conipLalnts chat Inade- 
quate Indirect cost allowances distort the character and 
adralnlstration of Anerican universities? Another research 
focus might be an examination of the role of the 
university-affiliated research Institution, assessing the 
arguments that this sort of arrangement provides a conven- 
ient Institutional "buffer" between the university and the 
government. An alternative approach might be to take a » 
particular siibject matter area say, oceanography and 
see what has happened as It passed from a period of relative 
undcmourlsK'nent to one of greatly Increased public Interest 
and support. What have been the costs to^ pay. If any, In 
the sense of distractions, pressure for spectacular results, 
'and so forth? 

In the context of Institutional choice. It might bo 
worthwhile to attempt to gain a clearer Idea of what portion 
of the national ^iffort has gone (should go) to the 
reproduction of scientific knowledge as against Its 
exploitation for current and future needs. This distinction, 
I think, may amount to something more than a familiar 
restatement of the lmpor,tance of basic research. Considera- 
tion of a whole nexus of Issues would be Involved here 
the purposes of different Institutional structures, ^ 
professional Incentive systems, career patterns, teaching 
practices, and science's contacts with the Larger public. 
the aim would be to gain a clearer understanding of how 
policies Cor the support and for the use of science interact, 
..reinforce each other, or conflict -7 and. In the latter case, 
where the critical points of decision aife. Perhaps we may be ^ 
led to think less In tems of a rigid distinction between 
the basic science career and the applied science career. 
Other notions that have some Intuitive appeal could be 
explored, such as the possibility of greater Inter-lnstitutlonal 
mobility for scientists, reorientation of graduate curricula 
to include more attention to applied science, and a more 
respectable role for th^ science writers who attempt to convey 
to the broader public an appreciation of the excitement 
of Intellectual achievement. These sorts of problems 
may be particularly Important for the developing countries 
who face understandable pressures for early resul'ts but 
who must nevertheless develop indigenous on-going 
scientific enterprises.^^ 
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Some fin«il remarks seem in order concerning the 

o 

notion of "planning" as "it applies to science polic^, 
There are at least two salient aspects that mlist be 
identified; first, "planning" in the gross sense that 
the national resources devoted to science should not De 
detemined solely by the workings of the private market; 
and, 'Second, "planning" in the more specific sense of 
influcncitv; the -«^rawiHSi* distJr ibution of scientific 
effort. The first is relatively non- controversial. It 
seens genera lly'^S greed that the rewards fron; laany 
scientific and technological activities are too distant 
and uncertain to generate private support at anything 
like a socially optimum level. Hence, some Rovernment 
support, especially to ba*sic science, appears inescapable. 
Tliere remain some troubling questions of how much is 
enough *ind to what extent gfxveminent support really leads 
to increased science rather than just bidding up the 
salaries and perquisites of those engaged In science. But 
on the whole the^e seems to be a fairly common basis for 
discussion. ^ ^ 

The second aspect, however, is much more difficult. 
It is harder to define what "planning" might mean at this 
level, and opinions vary all the way from Polanyi's uncom- 
promising guild syndicalism to those who would seek to 
manage science as part oE a planned economy. No pretense 
is nade Chat the many practical and conceptual difficulties 
involved here can be easily resolved. But a few tentative 
observations may be ventured* With respect to £he actual 
distribution of ficiei>,tific effort it seems highly desirable 
to avoid an ovorcentra llzation in the style of decision- 
making. Science and technology are activities characterized 
by large uncertainties, and numerous decisions at various 
levels witjiin a variety of public and private organizations 
do and should influence the distribution of scientific ^ 
effort. Thu5 It is doubtless illusory to think in terms of 
a cewtrnl Departmont of Science entrusted with some broad 
mission of coordinating all support for science* The 
present loose-jointed system of support, refle*cting the 
participation of numerous goverfnment agencies and their 
congressional allies and critics, offejrs a^ptter assurance 
that science in general will be strengthened than jvould any 
single focal point of decision. Yet one is left with the 
irnpression that imbalances in "the' distribution of effort 



2 



f * \ 



205 



and misalLocations^ of resources have resulted from the 
present syscera. Similarly, the argunents for the self- 



equilibracing nature of scientific gt^owth do not seen 
entirely convincing. Some mensu^e of ".planning" may be 
necessary co rationalize the present pattern of science 
supporc (if oi)ly co plan for the more efficient working of 
the scientific 'Wrketp lace") , 

Forcunately, in recent years the notion of planning 
has been discussed on a higher level of sophistication than 
used to be the case. Debates about planni-ng have left the 
realm of grand alternatives and have revolved more around 
questions of particular^ techniques , Insti tutlonal arrangemen 
,^and subtle adjustrrTencs in incentive systems. The con- 
cept of the plan may allow for nuzierous areas where *" - 
private consa-nev or "unplanned" behavior prevails. 
The <issunipti'6n hare is a similar one: planning for the 
allocation of effort within science should represent an 
interi5^lay of public and private initiatives in an 
essentially pluralist framework with scope for both 
govemraent influence and- market mechanisms. This would 
inply a greater effort by' the federal govemment to 
articulate consistent go'als in science policy, to correct 
misa I locations of effort resulting fro:a defects of the 
scientific "raarketi" and to understand how goverrnnent 
actions influence the distribution of scientific effort > 
and to exercise that influence In a more systematic and 
predictable fashion. It seems clear at least that more 
long-range thinking, analysis of trends, and critical 
evaluation of current practices are called for if we are 
to develop wise strategies for the encouragement oi 



science. 
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The proRress of the American economy and the improvement of the 
conditions of life of the American people in the "r7„'j^^' 
depended in part on the achievement of scientists and saentifically trained 
technologists and on the introduction of the- results of their work into 
industrial and commercial practice.' Governmental policy in the United . 
States in the second half of this period has had . very large inHucnce on 
the scale, the composition, and the quality of the country $ scientific and 
technoloitical achievement. . 

Scientific research produces knowledge of nature, life and society. Each 
generation inherits a stock of scientific knowledge which it increases and . 
improves and which it then transmits to succeeding generations. Each 
generation which engages successfully in scientific research adds to the 
intellectual capital of society. 

Resecrch is conventionally divided into basic research, which seeks 
more fundamentaljknowledge of a phenomenon but not its practical 
application, and ap^d research, which U directed toward making usable 
discoveries towards the practical application of already acquued knowl- 
edM Technology, whicii is sometimes called development, ii the use oi 
scientific knowledge in order to produce useful materials, devices, systems 
or methods, fechnolog)' includes the design and improvement of proto- 

W ofTcommoditics and services produced by '"""ology contnb- 
" ute in their turn to the production of scientific knowledge. There is a 
reciprocal relationship between science and technology. 

Scientific and technological research employs resources which have 
alternative uses each of which has value for society. "^^^ ''""^''l^l^^ 
scarce and their use in research imposes upo^ society what the econom s 
call an-"opportunity cost" by pre-empting their use rom olher purposes. 
Resources ?hat are put to any particular use in ["^"'Vh^ 
impose opportunity costs because they are not then available for the 
conduct of other scientific investigations. ,i.«,«r<,h is 

Research requires the employment of resources *hen he research is 
undertaken, but. if the researcfc is successful, there ii a lag between the 
"me when the research was begun and carried .pn »nd « 
successful discovery occurs. Some research projects are close to. and 
ot lerf are distant from, the threshold of discovery. Furthennore. some 
^n remems of knowledge acquired by applied and '«h->°jf'»^;«"'^ 
. will yield commodities and make possible services which w 1 P«fh»ps be 
Tsed by society for a long time after the research is successfully completed. 
Uus theTo ts^?resear?h-in the form of the forestalled alternative u«s 
oHhe research Iresources-are incurred early but the stream of benefit 
th,. the research yield to society is enjoyed later. Ue preren. U preferred 
lo ;l,e future; we observe that, in many situations, human bern^ are pa^ 
so that they will consent to postpone consumption from which 'hcy lenve 
^i liynd that they pay t^bring K 
must be paid r.iure if the postponement is for t lonl time than if it is or 
"short time. -Pie more distant from the present is the penod m the future 
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m whith ihc bcncfas of an activity arc to be enjoyed by society, the less 
b Its value in the present. Future streams of service must be discounted 
at some rate to determine their present value. The* proper rate at which 
future benehis should be discounted is onc that expresses thr disutility of 
postponement, and a proxy for it can be found in the interest rates that 
arc currently paid, adjusted for inflation. Applied scientific research which 
IS undertaken m the present and which will yield its benefits to society 
only m the very far distant /uture probably wastes society^ resources and 
should nrft be done. 'Ilicre 'are better uses to .which society can put the 
resources that would l>e employed irv that research. Activities which 
require that cof'3 be incurred early and wl^ich yield their products-later 
are called mvestmenis. Expenditures on scientific and technological 
research, sincc^ they have those properties, arc, therefore, called 
mvestmcnts. 

Research is a risk. Some research projects are successful and others are 
failures. The distribution of the outcomes ot research is a continuum* 
there are various degrees of success and various degrees of failure Society 
isToniposed of individuals some of whom prefer to take risks, others who . 
arc averse to risk, and still others who are neutral in this regard. Whether 
a risky activity will be undertaken depends' upon an estimate of the 
probability of a particular outcome, and upon tlie intensity of aversionNto 
.risk in the yxicty^ • , 

As in any oihcr venture that seeks to produce something. the?e are, in 
research, alternative processes of production vyjiich can be employed to 
secure that outcome. Production of a scientific outcome requires the 
combination of factors of production and the choice of t'p'0<luctive 
lechnolt^y among the alternatives which are available. The proportions 
in which factors of production are combines are not fixed* Factors are 
substiiuiablc, one for anothrr. even if they are not, perfect substitutes. 
Uss of one can br compensated for by the employment of more of 
another. 

1 hese are the conventional considerations laken into account by econ- 
omists when, applying a criterion of efficiency, they elaborate the princi- 
ples of rational production and the choice of investment. These are the 
pnnciples on the basis of whieh attempts are made to answer the questions: 
what to produce"?, how much to produce?, how to produce?, and. for 
investments, when to produce? 

Some Elentetuary Economic Constitcrations 

The discipline of economics has constructed a ^et of formal conditions 
which, if tulfilled, will cause socially optimal outcomes of production and 
investment to iKcur The conditions of opiimaliiy are derived from tlit;. 
applications of methods of logical analysis to a model which postulates 
that actors in the economy seek, subject to constraints, to maximise the' 
rcahsation o' their ends. To illustrate those conditions in simple form, 
they mcludc prescriptions, like those which follow. The quantity of output 
to be proiluccd in each activity should be such that the last unit of a 
product will have a value which is equal to the value of the resources 
cmplo>cd to secure that increment of output. Resources of different kinds 
should In; c(mibined in production so that the contribution to output of 
the last units of each resource (in a quantitative, and not a temporal 
sense) will be proportional to their pnces, and the last dollar's worth of 
each factor of production will make the same contribution to output, 
riilfilhng that condition permits output to be acquired at the lowest cost 
in resources It aNo maximises output from the expenditure of given 
resources For activities that employ resources currently but yield their 
products only later, the discounted value of the stream of net products 
over time should be at least equal to the value of the resources that are 
cur.enily employed and the rate of return should be equal in all such 
activities * 
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Economic theory asserts that competitive markets, ift which there is 
freedom to enter and* depart and in which c^hpicc among allematives is 
made by households and firms, will permit the conditions of optimality to 
be fulfilled and socially efficient outcomes to occur, excep^t in two special 
cases/ The market is an efficient instrument for deciding the uses to 
which the resources of society should be put. The individuals who compose . 
society differ greatly from one another, in *tht values they put upon 
commodities, services, risk, uncertainty, and postponement, and in the 
estimation of the future. They also differ because the variables which 
affect the valuation of things by individuals is very large: The market 
aggregates an immense quantity of information with the result that a set 
of social evaluations is constructed. The market puts value upon the social 
opportunity costs of resources, and produces the social valuation of 
benefits, social discount rates, a s<xial expression of intensity of aversion 
to risk and social estimates of future occurrences.. All of these are 
components of*the processes by which decisions are made about the uses 
to which, resources should be piit in order to maximise the welfare of 
society. The aggregated values appear and are expressed in the market as 
prices of resources and products and as interest rates, 

.Decisions on the allocation of resources cmn be made, notiwiy by the 
aggregation of the decisions of individuals, households, »od firms through 
the market, but also by collective, political processes in which holdejs of 
public office, elective and appointive acting hs surrogates of society^ make 
decisions. In that case, either the preferences of officials are imposed 
upon society or they seek to estimate the sets of preference of the society 
and to make the allocative decisions that society would have made, if 
aggregated individual pieferentcs guided the decisions. To do the latter 
requires the assimilation and correct treatment of eHbrmous quantities of 
informatioft; the bureaucratic replication of these preferences cannot be 
done in most cases. At the least, it will be done less efficiently than if 
markets were permitted to function. Resources will not be put to their 
most highly valued uses and the welfare of society will not be maximised, 
given the scarcity of resources. 

In two cases, however. the»market will fail, inefficiency will occur and 
resources will be put to the wfong uses, if markets are allowed to operate 
freely. These are the cases where the product of an activity is a "public 
good*' and where there are ••externalities**, as when the private cost^or 
benefits of an activity are different from its costs or benefits to society as 
a whole, The two cases are somewhat similar. Public goods are tho^e for 
which it is not possible or it is administratively very difficult to exclude 
some persons from the benefits they offer. The classic example is the 
lighthouse. If a lighthouse is constructed to mark a shoal, all passing ships 
will receive the signal. Fees cannot be conveniently charged for the receipt 
of the signal, so that none can be excluded from receiving it. 
No private shipowner, in deciding whether to construct a lighthouse, 

5 ihc Outci and U^ttci Efftcu of ir«Ju.tntl R A D on EcowJnue Growth ,ln TtrW^j. N E. (eO). 

ALttnauvts Bffore Ut (Nc* Yoik ComnuUtt for Economic Dtvtlopmeiit. IW2). pp. 22»-Z». , 
» -n. cl*u.fK.,K>« of WKn..fic aM techno^ effort m.othcK Ca^^^^ 



by Ihe iiutitutHJoTperformini the rtKwch oi by the tovcmmtBUl .|i«c»« wppwtint ih« itKwch 
7>J« SSTiVe dr.*n from NitwtuJ Sckhcc Fou«d*l>o«. KrvUw of Dm on Kar*nh ^d 
D^t^th^r^niAAptA l«J62). p >. M-ottd in Ktwlrkk. John W.. TV Formm^ snd Sto<kj o/ JouU 
CtMl (N«w York ind t^tMHioo. Columbi* Ufuvtrtity Pteu. 1976). P- , , , ^ ' ^ , 

^ ooculitKMU of opi.m«b»y w>d ihe cipimuoo of lb« k>p^ prooc-e* by whKh they ut produced 
CM be foond »n more complele »nd »ophrtlic*ied form in any convcnuotui Inltniedwte Itit book m 
mTt.r^iJte J^^XnorruTlheory for tumpk. MinUkW. ^^;,^'!'^<>^^J^:^ 
ApBUi^, 3rd edn. (Nc* YoA and Uodoo. W W. Nortoft. l9rN).lUr»hkifv. Jack, met ntofy 
JidApplxttiont, 2nd edn. (En|Jewood afU. N J.: Pte»t^C^^UI^l9«). 
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will take account of the bchefitt it will yield to other shipowners whose 
ships arc kept from being beached because the signal marks the shoal. A 
shipowner building a lighthouse will bctr the whole cott of its construction 
but he will acquire only part ofihc gain. The market would cause too few 
lighthouses to be built. ^ 

Public goods also have the property that their consumption by some 
persons docs not deprive others of consuming them. If one shit) observes 
the lighthouse's signal, no'iess of the signalling capacity of the lighthouse 
will be available to other ships. 

'*Extemalities'' occur when costs fall upon, or benefits are enjoyed by, 
some who are not parties to the activity. The classic example is the steel' 
miU billowing from its chimneys smoke and particulates, that faU on 
neighbouring residences which are downwind from the milL Sellers and 
buyers bf steel take no account of those cotts in making decisions that 
determine how much steel will be produced and bow it wiU be produced. 
The market will cause too much steel to be made, from the point of view 
of the whole society, because producers of steel wiU i.'more those costs of 
making steel that fall upon other persons. 

In those cases, since the market fails'and the •processes of the mhrket 
will cause either too little or too much of a product to be produced and 
too fc\y or too many resources to be devoted to iu production, the 
representatives of the society, acting through political institutions should 
intervene in order to bring about a socially appropriate allocation of 
resources. 

The intervention of government, in these situations, can take such 
forms as-the production of the relevant product by govemmehtal agencies 
themselves, or by govemmfcntal subsidies or taxes which will alter the 
incentives and deterrents confronting private firms and thus cause them to 
alter their productive decisions. 

There is yet another case in which products that have value for society 
will not be produced in sufficient quantity unless government acts. Those 
are products for which one governmental agency, or a very small number 
of governmental agencies, is the only buyer. Military submarines and 
.armoured personnel carriers might be built by private'companies ai\d held 
in inventory awaiting the appearance of buyers, as private companies now 
produce and hold inventories of pencils and shoes. To be successful, the 
companies would have to forecast correctly future military procurement 
and the rates at which different branches of the military establishment 
will grow. The risk is too large; submarines and personnel carriers will 
not be buih unless governments build them or contract to have them built. 

All of this has implications for the allocation of resources to, and within, 
scientific and technological research. 
The Allooition of Resources to Scienti^ Research 

Research employs scarce resources. lu scale should be that which fulfils 
the condition of optimalit> that cott and output should be of equal value 
at ,the margin. Similarly, the scale of research in each field should fulfil 
that condition. This means that the teak of reacarch activity and of any 
part of research activity can be too la^ge. when the costs of resources 
exceed the value of their output at the maitio. and it can be too small, 
when the value of output exceeds resource co«u at the margin. 

Research can be undertaken in different ways. The resources which are 
emptoyed in research should be combined in the way that will cause the . 
n)arginal contribution of resources to output to be proportional to their 
prices. This mcCs that research activity can be undertaJcen in the wrong 
places and institutions, that it can be done by the wrotig persons, and that 
its form of organisation can be wrong. 

Research that is done currently yields its fruits only later. An ^'invest- 
ment project** in research should be undertaken only if the discounted 
value of the stream of benefiu it will produce exceeds the cost of resources 
put into the research and only if there arc not other ventures available 
that will yield even higher rates of return on investment, or only if the 
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rate of return on the research **investmcnt project** U tt least equal to the 
fate of interest. Thb means that wr6ng fteldi ofcrci^rch rtid wrong 
projects can be undertaken: * ' . . \ 

These are extraordinarily difficult conditions to fulfil in an explicit and 
rigorous manner. If they are not fulfilled, society wastes its resources by 
putting them to inappropriate uses. The market permits these conditions 
to be fulfilled, however, even though explicit calculation.does nofoccur. 

Science policy is a set of public policies which attempts t6 influence the 
rate of growth of the slock of 'knowledge, the^fields within which the 
growth occurs, and the rate of the trsmsformation of knowledge into the 
production of useful conimodities and services. 

Those who design science policy should recognise the limitations ort the 
power of public officials correctly to calculate the focially optimal use of 
resources in research. The administrators of governmental science policy 
should be specialised in the support of ventures m research in which 
markets can be expected to fail. Where the market can operate efficiently 
to decide which research activities should be unriertaken. What their scale 
should be, how they are to be. carried out and in which institutions they 
should be done, the market 'should be permjtted to do so without the 
intervention of government which would distort the outrome. 

MarWt failure can be expected most clearly in the case ofbasic research 
and this is the field m which it is clearly right for government support to 
be engaged, Basic research produces increments of scientific knowledge 
with no inibnded practical purposes,' Those who engage in this kind of 
research activity cannot exclude others from sharing the fruits of their 
labour. They cannot themselves acquire the whole value of their products. 
Indeed, it would not be socially useful to exclude others from sharing 
these products, even if it were possible to do so, for it is characteristic of 
basic scientific knowledge that its possession by any one does not prevent 
its possession by others. It is desirable to subsidise basic research; In the 
absence of subsidy, the output of basic scientific knowledge would be too 
small in the sense that additional quantities of it could be produced at 
incremental costs in resources thnt are less than the value of the increments 
of knowledge ifiey would generate. Some resources used in other indus- 
tries would have more productive uses in this one. 

It is important to understand, in this regard, that scientific knowledge 
is, in itself, a useful product. It is a public consumption good. It is 
appropriate to use some of the community*s resources to enlarge the stock 
of knowledge for its own sake. If, in addition, new knowledge generates 
new or better commodities and services or makes resources more pro- 
ductive in their transformation into products, so much the better, Basic 
research that yields pure knowledge is valuable for society. 

Too much should not be made of the defence for an active and extensive 
public science policy in terms of service as a public good. Patentable 
discoveries should be excluded. For centuries, persons engaged in scientific 
research have made unpatentable or unpatented discoveries and released 
them to the community at large. Such persons are rewarded by their 
awareness of contributing to the growth of knowledge, by professional 
repute and the respect of their peers. Indeed, rewards of that sort cannot 
be procured unless discoveries are revealed. 

One must be careful, in the application of the defence for science policy 
in terms uf service as a public good, that public goods are piopcily 
perceived. Gean air is a public good. Exclusion from its consumption is 
not possible; if one consumes a unit of it, it is available in such abundance, 
that others are not deprived of the quantities of it which they desire to 
have. Nevertheless, research to produce knowledge that will cause the air 
to be cleaner is not necessarily, as a consequence, also a public ^ood. 
Suppose government sets a 'maximum standard for carbon monoxide 
emissions from motor*car exhausts. Manufacturers motor-cars will seek 
out low -cost and efficient instruments for' meeting the standard to install 
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in their jm^clucts. A scientist seeking knowledge that will permit the 
design o^uch an insirument will be able to acquire the whole of the gain 
produc^«by the knowledge he discovers; he will sell the knowledge to 
motor-car" manufacturers or tc their suppliers. The market will not fail. 
The socially appropriate quaniity of resources will be devoted to the 
search for the relevant increment of knowledge. That clean air is a public 
good does not cause research seeking knowle<lge of methods for making 
the air clean also to become a public good. 

Historically, an extensive governmental activity directed toward the 
increase in scientific and technological knowledge has not been a necessary 
condition for scientific and technological progress. The growth of scientific 
knowledge occurred for many centuries before governments began delib- 
erately to support research and development. Scientific and technological 
revolutions and ^ radical transformation of intellectual tradition have 
occurred without direct governmental subvention and certainly without 
publie direction of scientific choice. 

An active science policy which proceeds on the postulate of science as 
a public good in the case of basic research must also be employed with 
care because there are grey areas in wl^ich the practical consequences of 
basic research discoveries might be foreseen. It is not clear, in such cases, 
whether the research is clearly and fundamentally basic and hence warrants 
governmental support, rather than permitting processes of the market to 
decide whether it should be undertaken and how much of resources 
should be devoted to it. Examples can be drawn from the National Science 
Foundation's recently published report on the outlook for science and 
technology.* 

It IS reported there that "basic knowledge in such fields as chemistry, 
en/ymology, and plant phyiiiotogy ts needed to understand the mechanisms 
by which plants and bacteria collect,, store and convert or release the 
energy of the sun" and. if it were known the use of photosynthesis to 
generate convenient energy resources would be advanced.* If this is true, 
companies producing commodities that use sources of energy and their 
suppliers should then perhaps find it profitable to engagejn the production 
of knowledge of this type which can be transformed into energy'producing 
capacity and from wh^ch they can acquire the monetary benefit of the 
research. If investment in the acquisition of the new basic knowledge were 
estimated by firms such as those to yield a, return, in the form of gains 
from new energy*generating capacity, that would be smaller than the 
return yielded by other kinds of investment, they would not undertake 
the research It would be wasteful for them to do so because, in those 
circumstances, the resources devoted to that research would be more 
productive if employed in other activities. They would be wasted if they 
were used in research. *lf private firms would not undertake the research 
in such cases, it would also be wasteful for government to support research 
of that kind. If governmental agencies financed that.research, they would 
be wasting society's resources. 

It IS said tliat "better understanding of the chemistry of the nervous 
system can help with behavioral problems that lead to obesity, drug and 
alcohol abuse, and such disorders as schizophrenia, senility, ai|d mental 
retardation".^ Pharmaceutical manufacturing firms should find such basic 
research financially interesting. 

Basic research on catalysis, it is said, will be of vital importance to the 
chemical and petrochemical industries." Firms in such industries should 
find It financially rewarding to undertake such basic research. "Waste 
products from industrial physical, chemical, and biological processing 
consist of complex compounds and mixtures of substances. A better 
understanding of them is likely to lead to new concepts for recovery of 
their resource value. ""^ Firms that produce waste in large quantity might 
gain by engaging in research on those substances. 

"Basic research . . on the production of potentially 'new' materials 
[has] potential applications' |that| include amorphous . . . substitutes for 
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* lowloss transformer cores, amorphous temiconductors for use in c\cc* 
tronic device applications, photoseiuitivity polymers ... for dry lithog* 
riphy.***^ If these materials are economically useful, private firms and 
their suppliers might do such reaearcfa; it would be io their financial 
advantage. 

''Advances in plant tissues culture anb recombinant DNA research 
provide the basis for a foreseeable new technology m which planfs can be 
modified and desirable new traits introduced.**^* Firms producing plants, 
seeds and forest products should find such research financial interest. 

If the consequences of research are known and the financial gains from 
the research can be obtained by its discoverer, the knowledge that is 
discove^'ed is not a public good, the knowledge is not pure, and subvention 
by the State is not clearly called for. If it is observed that commercial 
firms are not engaged in such research, it is possibly because the cost of 
discovery exceeds the gains to be yielded by it, or the risk and uncertainty ^ 

* of the research is too large, given ,the degree of intensity of aversion to 
risk that prevails in the society. If private firms, considenng the demand 
for the substance which research might discgver, decide that it will be too 
small to repay them for the expenditures required fojr the research* they 
will not undertake it. If, in the circumstances, governmental subvention 
none the^ less, causes the research to be undertaken, it is a proper 
inference that government is wasting resources. Tojknow whether such 
research should b^ done, one must see whether the market*causes it to be 
done. If the decisions made by the market do not' do so, it should be 
concluded that the resources have higher productivity in other uses and ' 
should not be used for the research in question. 

When it is appropriate to do so, firms in the private sector will engage 
in scientific research even if there is a risk that the research might fail to 
produce the knowledge that is sought. The process is analogous to the 
search for petroleum. Seismographic surveys and the examination of 
samples of surface rock and of core drawn from the sub-surface provide 
information about the geological sub-structure of areas of land^mass and 
disclose where petroleum might be, located. It cannot be known with 
certainty^ however, whether petroleum is present in any particular place 
until wells are drilled. In the course of Amencan history, eight dry wells 
have been drilled for each well that has been successful in the exploratory 
search for petroleum. Wells will not be drilled 'at all, however, in places 
where the seismographic and geophysical work do not predict with a fairly 
high probability that petroleum mi^t be tocateil below the surface of the 
land. If drilling were done in such unpromisingjplaces the ratio of failures 
to successes would be much larger than eight ,to one. When the market 
determines the quantities and kindsiOf applied scientific research that will 
be undertaken by private firms, a socially appropriate quantity of risk 
tends to he taken, '^f the risk associated with a particular venture in 
applied scientific research is too large, the research will not be done; it 
should not be done, if the risk is large enougli and society's resources are 
put to their proper uses. 

Ba^ic Hesmch and Public Subsidy 
* Since the market fails in the case of research that is truly basic which * 
produces public gooda in the form of pure knowledge with no known or 
intended practical applications, it is the proper specialised province xoi 
government to invest in such research, if an optimal quantity of it is to be 
produced. 

Public policy then confronts the problem Of defining the scale of that 
investment. It is the same problem confronted^ by policy in settling on the 
number of lighthouses, levees, and monuments that should be built, the 
amount of land to be set aside as wilderness,<and the quantity of river 
dredging that should be done. They are alt public gopds. The market fails 
in those cases as well and governmental subsidies are necessary, if the 
correct auantitv of resources is to be employed for the achievement of 
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In principle » the appropriate quantity of basic research is that which 
will cause the rate of return on investment in that activity to be the same 
as the rate of return on investment in other lines, adjusted for risk; it 
should be not less than the rate of interest. The rate of return on 
investment in private economic activities in the market indicates the return 
to be sought from public investment. The application of the rule would 
require the estimation -of the cost of basic research, of the gains from the 
increments of knowledge it produces, of risk and of discount rates. It is 
an extremely difficult if not impossible rule to apply explicitly and for this 
reason the task of applying it should be sedulously avoided by govern- 
mental officials. To the extent that they can. they should permit the 
market to allocate resources to research and among research fields, except 
where a strong case can be made that market failure will occur. 

The nature of.the difficulty in.measuring ^he economic benefits of basic 
research can be seen in a paper prepared for a Working Group of the 
Council on Scientific Policy of the United Kingdom under the chairman- 
ship of the late Professor Harry Johnson." That paper suggests that the 
value of future discoveries of basic research might be measured by 
examining the value of the contributions to science-based industrial 
practice which basic research has made in the past. Such a measure would 
not. however, go far enough, for discoveries that never have applied uses 
Also have value sipce they might add to society*s knowledge of nature. 
Lord Robbins once said. ^We do not say that the production of potatoes 
is economic activity and the production of philosophy is not. We say 
rather that, in so far as either kind of activity involves the relinquishment 
•of other desired alternatives, it has its economic aspect."'* The cost of 
philosophy can be calculated; the benefits of philosophy are incalculable. 
On what grounds can one* decide how much philosophy should be paid 
for? The same applies to basic research which does nothing less nor more 
than add to our understanding of nature. 

If the contribution of any field of basic research to the more profound 
understanding of nature were a constant or if their magnitudes were 
known, the ultimate contribution to industry would be a sensible base for 
the estimation of the whole benefit from basic research. This seems to be 
those purposes. The solution of the problem of arranging the appropriate 
scale is less difficult in some of these cases than in others. The g^s to 
society in persons saved from death or injury and property saved from 
destruction and damage from the construction of lighthouses and levees 
and-^ns from the cheapened costs of transportation from the dredging 
of rivers can \\c relatively easi(y estimated. It is. howwer. much more 
difficult to estimate the more amorphous gains from the buildifig of 
monuments, the setting aside of conservation areas, and the production 
of increments to the stock of pure-knowledge about nature. How is one 
to measure the- values to society of somewhat deeper understanding, for 
their own sakes. of the emission of energy by quasars, immune processes 
at cellular and molecular levels, the synthesis of polymers from non- 
petroleum resources, the electronic stnicture of an ordered solid, and the 
processes of chemical migration in the earth*s cnist in comparison with 
the values of known commodities and services to the production of which 
resources employed In research might have been put? 
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an heroic assumption; sonic ficl^^s of basic research probably have closer 
and more immediately realised relevance in technology thin do others. If, 
however, the various fields were aggregated and those from which large 
and quick bits of unintended, applied uses fall out from the pure 
knowledge produced by work in' them are summed to those from which 
applied uses are small and slow in coming, or never occur at all, an 
average estimated social value of the industriaV contribution of pure 
knowledge could be construed. In order to know the appropriate sale of 
the;, use oJ society's resources for basic research, one would still need to 
add on some increment of value for the addition to the sociml stock of 
pure knowledge. That -commodity" is not traded in markets so we cannot 
obsctve a set of prices that would define its value for us. The resources 
that are employed in its production are market^traded and do have prices 
that denote their value but it would not be conect to infer the value of 
pure knowledge from the value ofthe Vesources employed in.its produc- 
tion, in the same way as the value^of the services of government is, . 
indeed, currently measured by those who construct national income 
accounts. The value of the output of basic research is sought precisely in 
order to determine the quantity of resources that would be optimally used 
to produce pure knowledge. If such a procedure were appUed, the case 
would be made in circles. The value of the resources used in basic research 
would then be said to represent the value of its output. On the basis of 
this tautology, any scale of basic research would become defensible. 

Since it does not seem possible to measure the value of pure knowledge 
of nature that has no intended applied use, economic principles of 
calculating the optimimCm offer very little practical guidance in determin- 
ing the quantity of society's resources which should be devoted to basic 

Evcn'if the value of pure knowledge and other relevant variables could 
be estimated, so that the appropriate scale of basic research could be 
determined, other problems would still persist in estimating the portion of 
basic research that should be subsidised by the federal government. It is 
not true that, in the absence of subvention, no .basic research is done at 
all. It is only that, because pure knowledge is a public good, the market 
would cause underinvestment in basic research. To know how much 
subvention were required, one must know not only the appropriate social 
scale of basic research, but also the quantity of it that would be done 
without the dehberate intervention of government. In addition, there arc 
forms of subvention whfch occur, other than the subventions by the 
government which aim expUcitly to support basic research. Scores of 
thousands of Scientists who are employed by universities undertake " 
scientific and scholarly work, in addition to giving instruction to their 
pupils. That scientific and scholarly work is often basic research. The 
universities of these scientist-scholar are supported in part by the tuition 
fees of students, by philanthropic gifts and income generated by thf 
investment ot those gifts and, in the case of public universities, by the 
appropriation of funds by legislatures that cover the costs of the univers* 
ities ^bove the revenues which they receive from tuition fees of students 
and from other y:>urces. Thus, some subvention of basic research occurs 
in the absence of an international and explicit programme of supportfor 
that activity. The determination of the appropriate scale of direct govern* 
mental support for basic research would need to take into account the 
quantity of basic scientific research that would go on even without that 
direct support. If that were not done, a government's programme of 
support might bo tot) large, so that an excess of resources would be 
employed in basic research. Alternatively, federal subsidies might simply 
constitute transfer payments, allocating no more resource to basic research 
than would be devoted in such activities, even if there were no federal 
governmental programme of support. Governmental subiidies for basic 
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research would then merely permit the receiving inttitutioQi to withdraw 
some funds from basic research to uie them for other purpoMi, or the 
subsidies might take the form of incremental income for basic research 
investigators who would perform the same tasks that they would have 
undertaken, even if there had been no direct governmental subsidy. 

United States Science Policy 

Actual United States governmental support for scientific and techno- 
k)gical research is not confined to buic research. Govemroent has 
extended lis influence bcyond its proper Uoiits. 

Research and development expeditures in the United States in 197S 
were larger than the combined expeditures for that purpose in the United 
Kingdom, France, West Germany and Japan.** Those countries, together 
with the Soviet Union, are said to do about 90 per cent, of the research 
and development done in the entire world. American research expenditure 
is relatively larger than expenditure or research in other countries when 
adjusted for population, employment, and gross national product. 

In 1980, 2*3 per cent, of resources employed in all economic activities 
in the United States, as -measured in the grou national product, were 
devoted to research." In that year, $60-4 billion were spent on research 
and development. The work was done in governmental research institu- 
tions, at private industrial firms, universities and colleges, centre admini- 
stered by consortia of universities, and at other institutions not intended 
to make a profit. 

Industrial firms did the largest amount of research and development 
<and most of the work done in industrial firms was financed by their own 
funds. Of the total expenditures in the United States for research and 
development of $60-4 billion in 1980. $42-3 billion were spent by private 
industrial establishments and $28-3 billion of the latter sum were supplied 
by industrial firms for themselves. 

Of the total of $60-4 billion, $38-6 billion were spent for development, 
$13-5 billion for applied research and $8-2 billion for basic research.** 

The influence of the federal government on the scale and composition 
of the country's research and development enterprise is very large. An"" 
active public science policy in which large government expenditure for 
research occurs is a phenomenon of the period after the Second World 
War. In 1940, federal expenditure for this purpose was very smalPand it 
was mainly for research relating to national defence and agriculture. By« 
1980, the federal govemment'financed about one half otall research and 
development carried on in the country through supporting governmental 
laboratories or by making grants for research to other institutions or 
contracting to have it done at other institutions.*^ 

About one half of federal governmental expenditures for research and 
development is for national defence. Major expenditures for other pur- 
poses were in the fields of space, health, energy developments and 
conversion » environment and transportation and communication. Govern- 
mental expenditures for research and development are distributed as 
follows:. 63 per cent, to development, 24 per cent, to applied research, 
and 13 per cent, to basic research. Federal government funds financed 
about 70 per cent, .of all basic research that is done in the United States 
and ab9ut 50 per cent, of all applied research that is done.*' (The authority 
to engage in. to contract for, or to make grants for scientific and 
technological research is widely diffused among numerous departments 
and agencies of the federul government. The Department of Defense 
make$ by far the largest expenditures for this purpose. Large expenditures 
are also made by the National Aeronautics and Space Administration, the 
Department of Energy, the Department of Health and Human Services, 
the National Science Foundation, the Environmental Protection Agency, 
and the Departments of Agriculture, Transportation, Interior and 
Commerce. 
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•that is tlonc, and^ the institutions in which it is done. 

Where government produces a public good, such as national defence, 
from which none can be excluded ?s a beneficiary, and government is the 
sole purchaser of a particular Jtlnd of commodity or service, it is appro- 
priate "that government itself produces or purchases a relevant applied or 
technological research ♦service. If the government is the sole purchaser of 
military submarines, it is proper^ that it contract for the purchase of 
research that will improve the quality of sonic detecfting^ devices installed 
in submarines. The national defence establishment is the sole purchaser 
of such research; very little of it would be produced, in the absence of a 
defence contract or unless it is done in a governmental research 
establishment. 

The argument for governmental support for applied and technological 
research on the grounds that the government is the sole purchaser must, 
however, be employcti with care. There are limits to its proper use. 
Suppose, for example, that a large number of municipalities supply water 
to theiyhouseholders. Agents and devices for the purification of water are 
purchased by the municipal water authorities from private firms that sell 
water system supplies. The discovery pf new'knowledge through research 
that will permit the manufacture of new and^bctter agents and devices for 
purifying water will permit the discoverer to acquire the profit from his 
discovery in the sale of the knowledge to the supplying finns. The market 
would not fail in this ciise. It would arrange the use of the optimal quantity 
of resources in such ventures in research. Where there are many firms 
supplying many agencies of government, the risks of research are not 
extraordinarily Urge. If some cities do not install new water purifying 
syMcms, others might. That governments are, ultimately, the sole pur- 
chaser of w*ater purifying agents does not imply that government should 
support the production of applied knowledge about water purification. 

Most of the applied and technological jesearch which the non-military 
governmental agencies subsidise or produce directly does not have the 
property that government is a sole purchaser. The decisions to have such 
research done were centrally determined by the public agencies. The 
market has not been permitted to act as the inst'rumeht for deciding 
whether such applied and technological research work should be done 
and, if so, how much of it, and which institutions should do it. Where 
there are externalities, with divergences between private and social 
benefits from^ applied scientific and technological research governmental 
subsidy is appropriate; but much of the subsidised work cleariy did not 
have that feature. 

Flaws in United States Science Folicy 

The National Science Foundation offers, in its first annual report on 
science and technology, published in 1978, its argumei\t for active inter- 
vention by government in scientific and technological research. ''The 
market niechunism by itself*, it says, "is likely to lead to an underinvest- 
ment in research and development from society's point of view."** The 
foundation cxplams that those who engage in some kinds of research work 
are unable to appropriate the benefits of their work, and that the private 
sector is sometimes unvMling to assume the high risk and is unable to 




, 224 



assemble the large quantity of capital required in some socially beneficial 
ventures. 

The foundation is certamly correct in its observation about the unap- 
propriability of the results of some scientific discoveries. It is incorrect 
when It implies that the intensity of aversion to risk of the makers of 
science policy is socially preferable to market indications of the commun- 
ity's aversion to risk. It is also incorrect that the private sector cannot 
assemble capital of magnitudes necessary for large scientific undertakings. 
There are many examples — large telecommunications systems and off- 
shore oil drilling, for instancc—of private aggregation of very large 
quantities of capital. 

A large fraction of govern'tiental projects in science and technology do 
not meet the standard of uni»ppropnability that gives warrant to govern- 
ment patticipatioii in research inMhe fields in question. If we find that 
governmental science policy subsidies research in non'public goods where 
there are no externalities, we may conclude that the public sector should 
not be there, that governmenially supported science is conducted on too 
large a scale and that it should be reduced to avoid waste of resources. 

Such cases are not hard to find. 

For example, the Dcpattment of Energy announced, in 11/80, a National 
Passive and Hybrid Solar Energy Program of aggressive research, devel- 
opment and market penetration.^ .The programme includes 
development of cost competitive marketable passive solar heating designs, 
systems and products for residential and commercial structures, passive 
coolinii technologies and davliKjitinx systems. 

The exercise of monopoly power by the oil-producing countries, which 
has driven up prices of fossil fuels, is fa^iuliw to builders, architects, 
engineers, tool and material makers; it is well known to those who sell 
heating, cooling, ventilation, hot water, and lighting services; to those 
engaged in hothouse agriculture; and to co/isumers of shelter. Producers 
have an incentive to find inexpensive, attractive, and efficient substitutes 
for fossil fuels; their earnings will rise if they do. Consumers have an 
• incentive to substitute other fuels; they will reduce their costs if they do. 
In this case, no externalities exist. The costs of the search for and 
discovery of alternatives to fossil fuels would fall wholly upon those who 
invest in search and discovery; the financial gains from the discovery 
of alternatives can be wholly obtained by those who incur the cost^of 
discovery. Persons and firms which are not prepared to pay the cost of 
discovery, can be excluded. Clearly, the market should be permitted to 
decide whether of not to devote resources that have other values to society 
to the discovery and design of passive solar systems. It' can also decide 
how much of its resources to devote to that purpose. Government has no 
useful role to perform in this case. 

If governmental decisions subsidise research which would not have been 
undertaken through the market, oi if the research is greater than it would 
be if the forces of the market had their effect, the community is ill served 
by governmental policies for scientific and techrtological research. The 
Department of Energy under these conditions, is putting society^s 
resources to wasteful uses. 

The passive solar energy case illustrates what is a widespread occurrence 
in governmental expenditures for science and technology. The public 
authorities operate in areas in which the social judgment of the market 
would Kive better results.. Scienti^sts and technolofiists are diverted inm 
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Tc$$ productive work thin they mifht othcrwUe do.'Obvcmmcnttl cxpcn- 
-* diturc^ of thi* kind thould be eliminated and twtt of.tbc failure of maikcU 
should, be tppUcd more rigorowly. These public fundi could then be 
turned to better purposes. 

THe first Five Year Outlook: Problems, Opportuni^ and Constraints 
in Science and Technology, published in 1980, is full of similar exainplcs.** 
Agencies with funds to spend in support of research list* their preferences 
and their upirations in that report. The Department of Commerce, for 
example, wants a new generation of very large cargo^anying tankers to 
achieve goals of safety, dependability and productivity." The reduction in 
oil spills presumably would make more Ukely the constructio n of additional 
petroleum^^efining planu and storage capacity on the Atlantic Coast. This 
departmcnt'^lso-Wanis phasc-diagrams and the properties of multicom- 
ponent alloys to be investigated so that replaccmenu can be found for the 
scarce metals used for alloying. It wants to find composite material of 
higher strength,* lighter weight and greater 'durability than conventional 
materials. It wants waste of materials to be diminishsd by developing or 
improving processes for the recovery of resources. It waau to know more 
about ways to produce and preserve sea-food, and it wanU new technofogy 
for the production .of fish through aquaculture. 

The Department of Health and Human Services wanU to find a blocking 
agent to treat the vrctims of overdoses of drugs." The Department of 
Energy wants research on advanced catalysts for liquefying and gasifying 
coal.^ The Department of Transportation wants rewarch on applications 
of micro-electronics to the automobile, on pipeline corrosion control, on 
automated systems to improve the circulation of the populations in the 
centres of cities, and on the development of materials to replace asphaltic 
concrete and portland cement in the construction and repair of highways." 

These are clearly cases of bureaucratic distension. It would be good to 
have all these things if they came at zero cost. They do not. They consume 
resources which have other uses, so they imply opportunity costs. They 
should be sought only if the investment in the search for them yields a 
satisfactory return, adjusted for risk. We cannot know whether or not to 
seek them except by applying the test of the market. If the market 
recommends such investments, they ought to have been sought out. If the 
market does not do so, they are socially.inappropriate. 

The various desiderata enumerated in The Five Year Outlook are not 
public goods. There is-rto problem of the incapacity of investors to acquire 
the whole gain they would produce. There is no problem of exclusion and 
there would be "free riders". There arc no externalities. 

In these cases, social and private costs and gaiiifi would not diverge in 
the market. Incentives for socially appropriate research exist in the 
market. In cases such as these, government intervenes mischievously. 

Having penetrated the fields of applied scientific and technological 
research by making decisions for the support of research that should 
properly have been left to the processes of the market, the federal 
government undertook also, in the period of the Carter'idministration, to 
initiate a **commeridalization** programme that would increase the rate at 
which discoveries made through research are employed in industrial and 
commercial practice,** The grounds for overriding the market by govern, 
ment subvention are indeed tenuous. The government said It has a 
••national perspective" which is absent from the perspective of private 
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devoicd lo scicniific and ichnological research and ibout the fields, 
projects, i nd insiiiuiions among which those resources should be distri- 
buted IS so difficult that the public officials should avoid the task as much 
as possible and let the decisions be made in the market. PuWic goods 
should be narrowly defined; there should be a certain reluctance to find 
externalities or, where they seem to exist, but arc of trivial magnitudes, 
they should be ignored. 

"Instead the federal government has pursued an active role in the support 
of scientific and technological research; responsibilities which are difficult 
to carry-out have been assidiously sought out; market failures seem to 
have" been found'with great frequency by the simple affirmation of the 
officials. 

Once the government has chosen appropriately the*kinds of scientific 
and technological research which it should support by searching out public 
goods and markets in which the existence of externalities cause private 
undennvcstnicnt in research to occur, the government then confronts the 
problem of allocating resources among research fields, among institutions 
at which the research work will be done"^, and among persons who will 
conduct the research. 

'nl^^rocesscs by which governmental decisions have been made in the 
UnitedS^ates on the uses to which resources for scientific and techno- 
logical resS^Jch would be put have been complex and convoluted. Such 
processes ofH^cision-making have been followed both In the research 
areas m which g^ernment intervention is appropriate and in those in 
which Jt is inappropriate. 

AllcKative outcoj|ies ensue. Some examples follow. Some $31-0 billions 
of resources wc/«^locatod by the federal government in 1980 to research 
and development rather than to other purposes. Of $11-8 billions of that 
sum which were allocated to research, ai distinguished from development, 
62 per cent, was allocated to applied research and 38 per cent, to basic 
research. Of basic research resources, 24 per cent, was allocated to work 
done intramurally in federal governmental laboratories by scient its and 
technologists who were employees of the government and 76 per cent, 
was for work done in other institutions under contract or with govern- 
mental gnmis Of resources allocated to basic research, 45 per cent, was 
allocated to work in the life sciences, 30 per cent for work in the physical 
sciences, and lesser proportions to work in the environmental sciences, 
engineering, the social sciences, mathematics and computer sciences, 
psychology, and other sciences.^ Within .the physical sciences, 52 per 
cent, was allocated for basic research in physics, 2$ per cent, in astronomy, 
and 22 per cent, in chemistry. Within th^ environmental sciences, 37 per 
cent, was allocnted for basic research in atmospherics, 35 per cent, in 
geology, and 25 per cent in oceanography.^ Of the resources for research 
and dcvclopmem that were available ti^ the National Institute of Health 
tn 1980, 30 per cent, were allocated to research on cancer, 15 per cent, to 
the heart, lung and blood. 10 per cent, to arthritis, metabolism, and 
disgestive diseases, 7 per cent, to neurological and communicative dis- 
ordcis'^ind strokes, 6 per cent, to allergy and infectious diseases, 6 per 
cent, lo child health and human development, 3 per cent, for research in 
connection with the ey»;, and the remainder to a variety of other purposes. 
Of the resources allocated by the National Institute of Health for work on 
the eye, 40 per cent, was allocated to retina and choroidal diseases, 19- 
per cent to sensory motor disorders and rehabilitation, 13 per cent, to 
corneal discuses, and about 10 per cent, to work on glaucoma and 
cataracts.*' Of resources allocated by the feileral government to research, 
both basic and applied, in 1980 for research to be done outside the 
governmental agencies themselves, 45 per cent, was allocated for work to 
be done at universities and colleges. 28 per cent, to be done by industrial 
firms, and the remainder at other institutions.*' Resources for research 
and develoomcnt in 19H0 were heavily allocated for research to be done 
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in ihc states o{ California. Maryland, Massiichusclls. New York, Oh'io. 
Florida, and Pennsylvania, lesser quantities ofjcsources were allocated 
for work done m the other states. Research and development to be done 
in California was 158 times weater than that to be done in Kentucky;" 
From one lime to another, chang9S occur in the federw governments 
allocation of resources for scientific and tcchnologicti research among 
various purposes. From 1969 to 1974 federal government expenditures for 
research and development for all purposct rote at tn innutl rate of 2-2 
per cent.; from 1974 to 1977 the annual rate of growth of tho6C expendi- 
lures was 1 1'2 per cent. Expenditures for space research and developmem 
declined at an annual rate of 7-8 per cent, in the former period and rose 
at an annual rate of 7*4 per cent, in the Utter period. Expenditures for 
jesearch in education rose at an annual rale of 2-3 per cent, in the earlier 
period and declined at an annual rate of 11*5 per cent, in the later one. 
Expenditures for research on health rose at a 13-2 per cent, rale from 
1969 to 1974 and at 7-5 per cent, rate in the period 1974-77. Research on 
food, fibre and other agricultural products first rose at a rate of 5^3 per 
cent, and then at a rate of 16-3 per cem. Research and development 
related to energy rose in the period l%9-74 at a rate of 8'8 per cent, 
annually and at a rate of 51-2 per cent, from 1974 to 1977." 

In 1970. $12 million of resources were employed in research and 
development in connection with the space shuttle; in 1980. the correspond- 
ing number was $1,886 million.^ Between 1969 and 1980, expenditures 
for cancer research rose twice as rapidly as expenditures for all biomedical 
research. Research and development expenditures on coal were 36 times 
greater in 1980 than they were in 1969, although expenditures for all 
energy research and development rose in that period only by a factor of 
eight.^ 

Decisions on the allocation of resources for research finally emerge 
after a complicated set of influences plays upon the processes of decision. 
Decision-makmg is not centralised within the government. 

Some agencies of government, such as the National Science Foundation 
and thf National Aeronautics and Space Admmfstration, are almost 
wholly and cxphcitly gevotcd to supporting research. Other agencies, such 
as the Department of Agriculture and Transportation, are mainly dedi- 
caled to other purposes but they have funds to spend for research. 

'I he Political F.lement m Gov^rnmtntal Allocation 

Congressional committees and individual members of the congress 
affect the pattern of expenditures, as does the White House, which is 
sometimes acliyc and sometimes passive in expressing its preferences. 
Scientific advisers to presidents and scientific advisory boards come and 
go. rotate their memberships, and exercise more or less influence. Gov 
ernmenial agencies which oversee government spending affect the out- 
come, as do associations of university teachers and of practitioners in the 
various disciplines, and inn4ential laymen who have concentrated their 
mterests upon 'darrow objectives or who tcck to have work that is 
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subsidised by the government done in the dtk« and regioM in which they 
reside.^' , ... 

This welter of .influences affects both the aggregate lutc of the public- 
sector "science effort" and the relative sizes of the coMtituent- parts. At 
various times, emphasis has been given to occanographic research, to 
space exploration, to "wars" on cancer or poverty, to environmental 
improvement, to fossil fuel substitution, and to the boring of the earth's 
crust and mantle. Political influences loom large in these judgements. 
Hicrachies of status and financial allocations have been determined by 
idiosyncratic presidential interests, by hopes of marginally inaeaiing the 
probability or re-election, and by attempts to iinprove the relative position 
of colleagues in a particular discipline. Congressmen and other political 
^gures stake^out claims for the location of publiclv financed scientific 
activity in their own constituencies. ScientiiU and academic admintsUators 
use a variety of political strategics in their competition with other 

claimants. . . j u i 

Governmental support for research in manne science and ^technology 
was turned, in the Johnson administration, ^o work on the development 
of ground fish meal and on coastal weather prediction because **[President 
Johnson's self-image as a humanitarian madc:a fish^conccntrate proposa 
to feed a hungry world seem.attractive (and) Johnson'* Texas background 
allowed him to appreciate the destructiveness of hurricane and tornadoes 
and the need for improved prediction along the coasts.'** Support for 
biomedical research on heart ailments was accelerated because President 
Johnson had suffered from cardio-vasculai iUncss.»» Presidential counsellor 
Theodore Sorenson instructed a member of the staff of the office of the 
science advisor to I'rcsident Kennedy to develop proposals for expanded 
research in oceanography; he Melt thaf oceanography would be particu- 
larly appreciated by Kennedy because of his love for yachting and his 
experience aboard PT boats."** " ♦ / 

Government expenditures for research on the treatment of cancer were 
expanded in the Nixon administration as a result of **the personal 
intercession of Elmer Bobst, a close friend of the President and of Mary 
Lasker a philanthropist with a concentrated interest m the progress ol 
cancer therapy. President Eisenhower recommended to the Confess the 
' appropriation of funds for the construction of the Stanford / "^"^^lectron 
Aiiclerator. retlccting "the fact that some pbysicuu had tne trust of the 
White House and, further, they used this confidence to support thcir'own 
programmes, even at the expense of other icienUsU (and most directly, 
other physicists)." To bring about thU outcome, there w^ -a»iduous 
S!SKg 'by elements of the scientific elite^^ President Eisenhower 
withdrew from his intention to veto exjianded congreuional W'?P"«»^"^ 
for biomedical research because "Mary Usker , . , WM good fncnds with 
Jules Stein who in turn had a good fnend who often pUycd golf with 
Eisenhower, and auspiciously was scheduled to pUy with the president in 
Newport. As a favour to^Stein, (hU friend agreed to help wnvincc the 
president of the dire consequences for national health should the budget 
, be vetoed."*^ . 

A coalition of universities of the mid-wcstem states organised a delega- 
lion of congressmen to confer with President Johnson in order to promote 
the cause of the construction of a high-energy accelerator at Madison, 
Wisconsin. At that meeting.'the late Hubert Humphrey, then a member 
of the Senate, exclaimed. "Why, my God. the Midwest has been getting 
sliortcha^^gcd/*** Scientists energetically lobbied the Congreu seeking to 
advance this cause.** , . . »_ v 

" A more uniform gcogr^^phic distribution of federal research txpendi. 
tures is frequently advanced in the Congress as arc claims fo^ the location 
of particular -research activities in the constituency districts of given 
members of the Confess-, /^n^amendment to the Authorisation Act of 
' 1965 of the National Aeronautics and Space Administration sa^d, It is 
the sense of Congress that it is in the national interest that consideration 
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be given to geographic distribution- of fedenU rcicarch twk whenever 
possible."* The author of the •mcndmcnt was the then Senator Walter 
Mondale who said« during the disoisston, **Thc poutioo of thoie placing 
(NASA) contracts asserts that their policy is to put the money where the 
competence is. I think there are some fallacies in that pwition.*** In the 
l%Os« the National Science Foundation altered its policies on the award 
of fellowships in order to achieve a more proportionate geographical 
distribution. In an attempt to reduce the concentration of federal support 
of scientific research in relatively distinguished institutions and In response 
to President Johnson's interest in "geographical balance", the Foundation 
administered a programme of more intensive support for "second-tier** 
universities which was intended, it was said, to ^•get more institutions into 
the top 20".*' 

When principles of choice such as these come to have a weighty 
influence upon the allocation of resources to scientific and technological 
resc/rch and among research fields, projects and institutions, it seems 
clear that society*s resources will be put to wasteful uses. Parochial 
interests and low standards come to dominate allocative choice and the 
process of scientific assessment and the exercise of scientific judgement no 
longer plays its proper role. Inappropriate tests are applied, wrong 
outcomes are generated, the scientific community comes to be governed 
by the wrong standards, and the growth of scientific jcnowiedge hampered. 

An Aliernaiive Allocative Method for Research 

It has been suggested that, except in the cases of basic research and of 
applied research in which where there are definite and large externalities, 
government should not intervene. With those exceptions, commercial and 
'industrial markets should be permitted to determine judgement on 
whether a particular piece of research should be undertaken, how much 
research should be done, in which fields, projects and institi^tions it should 
be done and the methods by which it is done. 

For basic research, for which some governmental intervention is appro- 
priate, explicit calculation of the proper scale is extremely difficult because 
governmental agencies, like any other institution or individuali, lack the 
capacity to measure the value of the output of pure knowledge; they do 
not know in advance what will be discovered by tboce who are engaged 
m research; they do not know how long it will be before a research 
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discovery occurs, how long the discovery will survive before it becomes 
intellectudUy obsolete and the rate at which tt is appropriate to discount 
the ser» ices the discovery performs in giving society deeper understanding 
of aspects of nature Although a.^overnmental programme of support for 
baste research that will move some resources that would otherwise have 
been employed in other activities into basic research is probably called 
for, care should be shown that such a programme is not too large. 

Just as government lacks the capacity to measure the value of increments 
of pure knowledge in the aggregate, it also lacks the capacity to measure 
the relative values of different increments of pure knowledge that are 
produced by basic research work in different fields. It cannot explicitly 
rank the increments of knowledge of the constituent components of basic 
research nor can it assign them weights that indicate their relative value 
to society. Government should avoid, if it can, tasks of measurement that « 
It cannot carry out. There is, however, a method which it can employ that 
rnight solve the problem of allocating governmental funds for support of 
basic research, while avoiding explicit estimation of the values of the 
output of research activities. That method implies choosing among scien- 
tists rather than choosing among scientific fields and projects. 

There is a kind of intellectual market within which scientists work The 
Lite Professor Michael Polanyt described it when he wrote: 
Tt\c a>mmum(y of scientists works according to econonuc pricinples similar to 
ihobc by which the production of material goods is regulated. . . |Tlhe aciivUics 
of vcientivis are in fact coordinaied. . . , This cor\sists of (he adjustment of (he 
efforts of each of (he huherto achieved resut($ of (he o(hers. We may call this a 
coordination by mutual adjustment of independent initiatives . . . (which] leads (O 
a jom( resuh which ts unpremeditated by any of those who bring i( abou(. Their 
coordmadon is guided by "an invisible hand" (owards the joint discovery of a 
hidden sys(em of (hings Any a((cmp( to organise (he group. . . . under a 
single au(h(>rity would ehniinaie (heir independent initiatives and thus reduce (heir 
}Oin( etfeciiveness . It N^ould. iji effeci. paralyse their cooperation. . . . (T]he 
pursuK of science by independem setf<oordin2(ed initiadvet assures the most 
efficient organisation of scientific progress. . . {T]he scientist responding directly 
to (he inteltectuai situation created by (he published resuUs of o(her saendsts is 
mo(iva(ed by curren( professional s(andards. . . |T]he deasions of a scien(is( 
choosing a problem and pursuing i( to (he exclusion of o(her possible avenues of 
inquiry may be said (o have an economic characier For his decisions arc designed 
(o produce (he highest ivossible result by the use of a hmited stock of intellectual 
and material resources. 

In an intellectual marke: such as this, the scientific community exercises 
scientific standards in the determination of scientific merit. The authority 
of scientific opinion enforces scientific standards. All independent scien- 
tists participate in the administration of the authority of scientific opinion. 

Scientific standards are. Polanyi asserts, uniform throughout science. 
This "makes possible the comparison between the value of discoveries in 
fields as different as astronomy and medicine. T*his possibility is of great 
value to the rational distribution of efforts and matenal resources through- 
out the various branches of science . . . [and it is) the principle which 
underlies the rational distribution of grants for pursuit of research. • . . 
So long as each alkKation follows the guidance of scientific opinion, by 
giving preference to the most promising scientists and subjects, the 
distribution of grants will automatically yiekJ the maximum advantage for 
the advancement of science as a whole."** 

"Intellectual markets*' are like commercial markets in another sense 
that Polanyi does not touch upon. If commercial markets are efficient 
instruments for deciding the uses to which resources should be put to 
serve society's purposes, it is because there is competitive bidding for 
resources among ihose who seek to employ them and there is freedom to 
enter and depart from industries and occupations. Competitive biddirg 
and the freedom to enter and depart are also properties of intellectual 
markets. Young persons freely choose whejiher they will tram in chemistry 
or physics. If physics, they freely choose whether they will specialise m 
spectroscopy or cosmic rays; tf one or the other, they freely choose once 
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they reach a certain level of $cj)iority which research projects they will 
venture upon and which they m\\ abandon. In commercial markets, 
efficient finns bid away resources from inefficient ftnn: softhat resources 
are put to more highly valued :uscs. In intellectual markets, creative 
sciemists of outstanding accomplishments will be bid for by institutions 
which are inicresting mtcUcctual communities with large complements of 
scientific workers where they will be able to participate in stimulating 
dialogue and on highdr levels, be noumhcd by others with original minds 
and be provided with opportunities for serious work in Ibeir chosen fields. 
Those with less talent and more mediocre minds find themselves in less 
professionally attractive places. As in commercial markets, intellectual 
resources are put by the intellectual market to their most highly valued 

uses. _ 

resources tor basic scientific research which would pennit governmental . 
officials to avoid the explicii calculation of coits and gains. They wouM 
allocate not among fields but, rather, among scientists. Tbey would inquire 
about the qualities of intelligence and of the profettional achievement or 
promise of scientists in the queue, but would not ask about the relative 
values of the v a nous and different discoveries of pure knowledge they 
seek 10 achieve. They would not seek to re- fashion the structure of pure 
scientific work but would permit it^ structure to emerge spontaneously 
from the unconstrained choices of individuals among scientific careers and 
( scientific projects. 

In choosing among applicants for research grants, the scientific assess- 
ment of professional merit would be consulted. This might be done 
directly by governmental agencies or they might do so indirectly by 
making block grants to the relatively small number of distinguished 
universities^ and by having those universities re-allocated those grants 
among scientist- applicants. The universities might be.permittted to make 
grants for the support of scientific research to individuals located at other 
institutions, as well as at their own, and they would be permitted to 
consolidate some of the funds provided to them with those of other 
institutions so that consortia could be formed for the construction of 
expensive capital facilities such as those required for research in certain 
branches of astronomy and physics. 

By applying the method of searching out scientists who have merit, as 
measured by the consensual judgement of the scientific community, and 
by permitting them to wor^k on problem^ that rouse their cunosity and are 
responsive to their senso of what the scientific community considers to be 
important, the government will make a more valuable contribution to the 
advancement of science and the progress of knowledge than it would if it 
attempts the explicit estimation of the relative values of scientific discov- 
eries or if, as now. allocations arc decided in response to parochial and 
* political influences. * ^ 

Allocation ^among, Fields and the Scale of Basic Science 

The critena of choice for governmental support of scientific and tech- 
nological research which are suggested in this paper are in some respects 
the same, and in other respects different, from those suggested by Dr. 
Alvin Weinberg in his fundamental paper on the criteria for scientific 
choice Yhe resources of society that are devoted to research must be 
allocated. Weinberg writes, among ''often incommensurable fields of 
science— between, for example « high-energy physics and oceanography or 
between molecular biology and science of metals*'. He proposes some 
critcna that are internal to the scientific field and which deal with the 
question: how well is .the science done?, and other cnteria that are 
external to the field and answer the question: why pursue this particular 
science? The internal critena may be analysed into questions about the 
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idiness of the field for scientific advancement and about the competence 

^ the scientists who work the fiefd. The external criteria may be 
analysed into technological merit, which depends upon the pracd^al uses 
of the knowledge the scientific research will produce, scientific merit, 
which depends upon the contribution that work in one scientific field 
niakesjo the^progress of knowledge in other scientific fields and scx^ial 
merit, which depends upon how well research will Krve the objectives 
which government and society seek to achieve. 

I argue here that if research has intended practical uses, it should not 
be supported by governmental agencies, except where there are market 
externalities or where a single governmental agency — or a small number 
of governmental agencies — is the sole purchaser of the result of the 
research. Research that is intended to be applied practically in the 
production of commodities and services should be required to pass the 
test of the market in decidingwhether it should be undertaken. Weinberg's 
criterion of technological merit should not, therefore, be applied by 
government but should be left to the market. 

Nor. with the same exceptions, should the criterion of social merit be 
employed in the allocation of governmental funds for research. There are 
a large number of governments and private persons in the market for 
effective contraceptive agents, longer<lasting foods which resist spoilage, 
crops which are disease-rebisiant and higher*yielding and which require 
fewer fertilisers and less water for their production, and therapeutic and 
immunological agents that will xliminish the incidence and duration of 
illness That governments are concerned with controlling the rate of 
population growth, increasing food supplies, aod reducimi the rates of 
morbidity and mortality does not lead ineluctably to the conclusion that 
governments slioMld subsidise research serving those objectives. If some 
of society's resources should be devoted to such research, private invest- 
ment in the research n\i1I yield a rate of return that will be high enough to 
assure that the research will be done. There is no efficient way to know 
how many of those Resources should be put to those purposes except by 
applying the test of Ihe market 

Governmental sup|x)rt is indicated, however, for research in pure 
science seeking incremt'nts of pure knowledge about nature which are not 
intended, nor explicitfy foreseen, to have practical use. Weinberg's inter- 
nal criteria and the cnierion of scientific merit in his set of external crit**ria 
arc proper and correct for the productive allocation of resources for 
research of that kind The scientific competence of the applicanti should 
be examined as should be the scientific promise of the work they propose 
to do '^'he allocation of resources among fields need not be explicitly 
confronted. In their research, desire to make discoveries which the 
scientific community will consider to be important and creative, to increase 
the understanding of nature and to contribute to the progress of knowl- 
edge I he problem o! allocating resources for research among fields need 
not be solved directly, one need only observe the rule making allocations 
among scientists by applying the test of scientific competence. 

If government is to support basic research, what should be the scale of 
th.it support'* What part of the resources of society should the government 
hid av\ay from other activities that are useful and productive in order that 
the resources be given over to basic scientific research? The determination 
oi the optimal scale of basic . search is extraordinarily difficult. There arc 

"^^^'{Jrbcn. Au/n M , -Cmcn* lor So^.ut. Chow.". X IS^Hl 
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no market measure^ of the value of society to increments of pure 
knowledge and, thus, no standard for comparing that value with the 
values of things that resources used for research might hive produced, if 
they were put to alternative uses. ' » 
Dr. Weinberg has suggested that the scale of governmental support for 
baste science should be equal to the sum ^Bf some fraction of the 
expenditures ,of society for applied research » because basic research 
j)roduces discoveries which, in the end, cause applied research to be more 
fruitful, and some fraction of the value of •^society's entire technical 
enterprise''^ because basic science contributes to **the technological system 
as a whole"." "Society's entire technical enterprise" is assumed to mean 
the whole output of commodities and services of the economy'in some 
period — say in a year— or what the economists call the "national product'*. 

Dr. Weinberg does not say wh:it the appropriate fractions should be, 
except to suggest that they would be politically determined. This offers no 
guidance to the pt)htician- on the question of size of the fractions which 
would be optimal for so ^;ty. To determine the scale of basic science by * 
some measure of its pra^iical value is» however, fundamentally defective. 
To the extent that basic science has practical value— for example, by 
mipi^/»nii commodities anil services, cheapening the cost of their produc- 
tion^ and impi'«*'\ni2 the material standard of life of the people — the 
appropriate scale of basic science will be best determined by the market. 
Thai part of basic science should iiav^ no governmental support. It is the 
part of t)asic science that has no practical and serves only to enlarge 
and improve the knowledge and understanding ol nature that warrants 
governmental subsidy. 

The critena for determining its optimal scale must be sought elsewhere. 
One possible procedure would be to approximate'thr appropriate scale by 
a process of experience and trial'and-error. It would be reasonable to 
4tart. perhaps, with the current scale of governrr.ental support for basic 
research and to allocate funds by applying some standard of .scientific 
competence -and promise of scientific achievement. It should .then be 
feasible to see how much of what has been spent has resulted in 
significantly important contributions to the progress of scientific know- 
yledge. If less than the whole of it has had this effect, it would be 
I successful and those who should be unsuccessful in their quest fur support. 
If the current fcale of expenditures for basic science support leaves some 
in the queue who. have failed to obtain grants and who are none the less 
thought to shqw genuine promise of future scientific achievements the 
ippropnation should be enlarged. 

There IS risk in such .1 pfoccdinc The scale of basic science would 
dcpciul ujHtn \\k siaiKl.jfds applied in selcchriji among applicants and in 
evaluating (he iiuporlaricc ot Lon(ributi()ns to basic scicniihc kno^^ledge. 
I he pVoct'diuc dcpcmis i»n the inicjiniy with which consensual judgement 
IS formed in ihe Loniinunity ol science and in the capacity of that 
conuminit) to distinguish bclwccii unportaiil »ind inconsequential contri- 
butit)ns to the ^ri>wih nt scientUic knowledge 
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